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ABSTRACT 
Salinization and alkalinization are global phenomena 
among the normal (zonal) soils all over the world. In India, 
specially in Indo-Gangetic plain of Quaternary age, the soils 
are affected to various degrees of salinity and alkalinity 
along a linear belt. Sultanpur area, which has been selected 
for detailed investigation, is situated in the Ganga-Ghaghra 
interflue of Indo-Gangetic plain and forms part of the 
saline-alkaline belt of the state of Uttar Pradesh. 
The work presents the geochemistry and genesis of 
saline-alkaline soils around Sultanpur, U.P., aided by remote 
sensing methods. The study attempts to understand the causes 
and extent of salinity/alkalinity in the soils of Sultanpur 
area through mapping, field survey and laboratory work. 
The study area, Sultanpur district, lies between 
longitude 81° 32' E to 82° 41' E and latitude 25° 59' N to 
26° 40' N, covering an area of about 4436 sq. km. The mapping 
of soils of Sultanpur area was done through interpretation of 
remotely sensed data using LANDSAT TM FCC (Bands 2, 3 6< 4) of 
frame No.143-042. Digital image processing of IRS-IB LISS II, 
bands 1, 2, 3 & 4 data of scene No. 49-24 A2, was used to map 
about 18 sq. km. of Aroethi-Gauriganj area in the SW part of 
the district. The area has particularly high salinity/ 
alkalinity. 
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Four major soil types, viz. i) Saline-alkaline soils, 
ii) Sandy soils, iii) Clayey soils and iv) Normal soils were 
demarcated. The saline-alkaline soil areas are further 
divided into three types- Si (<25% area with salt patches), 
Sa (25-50% area with salt patches) and S3 (>50% area with 
salt patches). Tho saline and alkali soils have light and 
dark mixed tone on band 3 of LANDSAT TM FCC and medium-grey 
tone on IRS bands 1 and 3. 
Ground inputs were collected from secondary data and 
through primary surveys. Sampling of the Boils from surface 
and profile was used for determination of various physico-
chemical properties in the laboratory like soil colour, 
textural composition (sand, silt & clay), roineralogicat 
composition (lighter and heavier minerals), chemical 
characteristics (pH, EC, exchangeable cations, CEC, ESP), 
major oxides (SiOa, AlaOa, FeaOa, CaO, MgO, NaaO, K3O, MnO) 
and trace elements (Zn, Cu, Pb, Co, Ni, Cr, Li). Various 
physico-chemical properties of saline-alkaline soils were 
correlated with spectral reflectance for band selection 
exercise. 
The briyliLneHS of the colour of soil provides a useful 
criterion of their salinity-alkalinity as they have positive 
correlation. The higher clay content of these soils together 
with soluble s<3lia enhance their spectral reflectance. The 
relative concentration of soluble salts can be inferred from 
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pH, EC, CEC and ESP. Correlation of reflectance with various 
parameters provides useful information. Correlation is 
negative with SiOa, CaO, MgO & KaO and positive with AI2O3, 
FeaOa, NaaO & MnO. 
The IRS bands 1, 3 & 4 are sensitive to physico-chemical 
properties of soil and have been found useful for the 
determination of soil characteristics. 
The entire region shows widespread development of 
saline-alkaline patches of irregular shape. About 24.4 
percent area {~1025 sq. km) is affected by salinity-
alkalinity. The terrain has poorly developed drainage and 
flat topography. The area is irrigated by a network of 
canals belonging to the Sarda Canal System. Extensive 
seepage through these canals into the surrounding areas has 
caused water-logging at several places in the region. The 
soils in such areas have a whitish salt-crust. Such features 
are abundantly visible in the sub-basins of Sai and Majhoi 
rivers. The water-table is very shallow (<4m b.g.l.) in these 
sub-basins and the quality of ground water is poor (saline) 
here. 
The textures of the affected soil is mostly fine-
grained. A layer of calciura-kankars is developed in the 
sub-soil. The clay content is generally high in the soils 
even at depth. The top soils is generally leached less due to 
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higher clay content and the presence of impermeable layer of 
kankar in the sub-soil. 
The depths at which nodules of iron and manganese and 
kankars of carbonate minerals occur, generally, coincides 
with the shallow water-table of the area. The upward 
migration of carbonates (HCOa" and COa") sulphates and 
chlorides followed by their precipitation and accumulation on 
the surface produces salts efflorescent. 
The soils comprise the lighter minerals like quartz, 
orthoclase, plagioclase and muscovite, and the heavier 
minerals like tourmaline, zircon, chlorite, biotite, kyanite, 
hornblende and garnet. They also contain some organic matter. 
The mineral assemblage indicates a Himalayan provenance with 
mainly moderate to high rank metamorphic rocks and to a 
lesser extent igneous and sedimentary rocks. 
The chemical parameters like pll (8.55-10.20), EC 
(0.32-12.50 mmhos/cm) and ESP (35.56-67.55) suggest alkaline-
saline range for these soils. The chemical analysis shows 
high percentages of SiOa (44.08-63.08%) and AI2O3 (10.41-
15.20%). Other oxides analysed comprise FeaOa (1.34-5.14%), 
CaO (0.94-5.13%), MgO (0.23- 0.69%), Na^O (2.07-5.22%), K^O 
(1.42-3.50%) and MnO (0.01-0.048%). The trace elements 
analysed were Zn (46-90 ppm), Cu (11-38 ppm), Pb (24-61 ppm), 
Co (18-36 ppm), Ni (21-63 ppm) and Cr (21-63 ppm). Their 
cocentrations are well above the critical limit. 
The zone of kankar accumulation underneath act as 
geochemical barrier to the migration of Fe, Mn, Zn, Pb, Co, 
Ni, Cr, Li and other elements brought in from variouR 
sources resulting in their accumulation in A and B horizons. 
The plant nutrients (nitrogen, phosphorus and potassium) 
in these soils is low because nitrogen fixing bacteria cannot 
survive under conditions of high pH and high salt content. 
Jenny's genetic model involving factors, like, geology/ 
geomorphology, physiography, hydrogeology, the physico-
chemical characteristics of the soil and climate of the 
region, has been found satisfactory to account for the 
development of saline-alkaline soils in Sultanpur area. 
The minerals and soluble salts released from the 
breakdown of the Himalayan rocks and transported by the 
rivers, and deposited as newer soils in the older alluvial 
plain can be interpreted from a number of filled and 
partially filled palaeochannels. 
The flat topography and poor drainage with little 
transportation cause soluble salts to accumulate on the 
surface in the form of efflorescence (reh). 
Canal irrigation influences the hydrogeological 
conditions which has contributing effect on the formation of 
saline-alkaline soils. The shallow aquifers and shallow 
water-table greatly affect the ground water quality thereby 
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adding to the salinity/ alkalinity of the soils. Thus 
secondary salinization can be attributed to uncontrolled 
irrigation and other human activities in the area. 
The topographic lows have higher salinity and higher 
contents of clay and silt which increases the compaction 
properties of soils. This would lead to incomplete leaching 
causing to low permeability and formation of calcium kankar 
zone in the sub-soil. 
The main source of salt content of soils is from the 
breakdown of primary minerals of the source area. The process 
of chemical weathering would release soluble salts comprising 
cations of sodium, calcium, magnesium and potassium and 
anions of chloride and sulphate. 
The climatic factors favouring the accumulation of salts 
at suitable sites would convert the soils into saline-
alkaline type. The high rate of evaporation during dry 
seasons alternating with wet seasons account for the 
formation of calcitic nodules in the sub-soil. Reduced 
leaching of soil due to excess moisture and upward movement 
of water soluble salts through capillary action cause 
efflorescence to be deposited on the surface. 
It is possible to reclaim the saline-alkaline soils of 
Sultanpur and surrounding areas by suitable physical, 
chemical and biological methods. Their utility for civic 
amenities vis-a-vis agricultural use has also been discussed. 
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Chapter ^ 
INTRODDCTION 
1.1. GENERAL STATEMENT: 
Man and his environment are closely inter-related. The 
rapid rise of human fjopulation and extensive industrialisa-
tion have put heavy demand on the depleting natural 
resources. Out of these, soil is a very important natural 
resource. The agricultural production depends mainly on tho 
quality of soil. About 37.6 percent of the working population 
of India is dependent on agriculture, and the cultivable land 
area is only about 46.9 percent . The remaining 16.79 percent 
non-agricultural area is the waste-land. It is estimated 
that about 167 million hectares area has undergone 
degradation and another 20 million hectares, which is under 
canal irrigation, is in danger of being degraded (Bali and 
Kanwar, 1977). A broad distribution pattern of the saline-
alkali soil areas of India is shown in Fig. 1. In Uttar 
Pradesh where agriculture is the chief resource, about 
1.29 million hectare area of Indo-Gangetic alluvial plain is 
effected by various degrees of salinity and alkalinity along 
a linear belt (Abrol and Bhumbla, 1971). The study area of 
Sultanpur district forms part of this soil belt of U.P. 
(see Fig. 1). 
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1.2. SCOPE OF PRESENT WORK: 
The study comprises type, nature, extent and physico-
chemical characteristics of the saline-alkaline soils of 
Sultanpur area, D.P., aided by remote sensing methods. The 
satellite remote sensing is an important tool in soil mapping 
and monitoring of land degradation. The LANDSAT (TM FCC) and 
IRS data have been used along with selective ground checks in 
preparing maps of saline-alkali soils. The soil samples were 
analysed in the laboratory for their chemical, physical and 
mineralogical properties with a view to understand 
distribution, redistribution and fixation of soluble salts, 
metals, colloids, etc., within the soil profile, their topo-
geochemistry vis-a-vis climate and hydrogeology and their 
genesis. 
1.2. GEOGRAPHICAL SET-DP: 
1.2.1. Location: 
The study area lies between longitude 81° 32' E to 82° 
41' E and latitude 25° 59' N to 26° 40' N. It includes 
Sultanpur district of eastern U.P. (Fig. 2), covering an area 
of about 4436 sq. km. It is a predominantly rural area. 
1.2.2. Communication: 
The area is well connected with Lucknow, Faizabad, 
Pratapgarh, Allahabad, Jaunpur and Varansi by rail and road . 

1.2.3. Climate: 
The climate of the region is tropical. The seasonal 
fluctuations of temperature and rainfall are due to reversal 
of wind direction. During fjoverober to May the winds blows 
from the west to east and during June to October from the 
east to west. 
i) Temperature: 
The minimum temperature is recorded at 3°C to 4°C during 
the months of winter (December-January) and maximum 
temperature at 44°C to 45°C during the months of summer (May-
June ) . 
ii) Pressure and Winds: 
The atmospheric pressure during June to August is around 
985 millibars which rises to 1004 millibars when the 
temperature is very low. A shallow cell of high pressure with 
seaward gradient develops during the winter months which is 
reversed landward during the summer. 
iii) Moisture and Humidity: 
The winds are dry during the months of March to May and 
humid from June to September. 
iv) Rainfall: 
Over 90 percent of the average annual rainfall is 
received from mid-June to mid-October. The rainfall is very 
scanty and sporadic from mid-October to mid-June. The average 
annual rainfall is 984.5 mm. 
1.2.4. Cropping Pattern: 
Crops are grown only in the unaffected soil regions of 
the area. Rice and wheat are the main crops while Barley, 
millet, maize, pulses, sugarcane and potato are also grown. 
Chapter II 
HISTORICAL RESDME AND REVIEW OF LITERATDRE 
2.1. HISTORICAL RESDME: 
History reveals that civilizations have depended heavily 
upon the quality of soils of the region whero they 
flourished. The ancient dynasties of the Nile were made 
possible mainly due to the food-producing quality of the 
fertile soils brought-down by the river and also to the 
development of an efficient irrigation system. Likewise, the 
river valley soils of the Tigris and the Euphrates in 
Mesopotamia and of the Indus, the Yangtze and the Hwang Ho in 
India and China respectively, were the habitats of 
flourishing civilizations (Brady, 1984). The downfall of tho 
civilizations can be traced to the deterioration and 
mismanagement of the soils of some of these regions. The 
soils become lateritic degraded due to deforestation of 
Khmer region. At other places, excessive felling of trees in 
the watersheds of rivers speeded up erosion and loss of top 
soils. In the Valleys of the Euphrates and the Tigris 
irrigation and drainage systems were not maintained properly 
resulting in the accumulation of harmful salts converting 
once productive soils into barren and useless. 
Barron Bertholet, a doyen of French sciences, who 
accompanied Napoleon on his Egyptain expedition towards the 
end of 19th century, was struck by the fact that solid sodium 
carbonate deposits occurred on the banks of river Nile. He 
believed that the deposits owed their origin to presence of 
calcium carbonate in the alluvial soil. Similar views were 
expressed by Hilgard and his colleagues (1906) in the U.S.A., 
Vasilyevich Dokuchayev (1898) and Konstantin Dmitriyevich 
Glinka (1927) in the U.S.S.R. 
The widespread salinisation and alkalinisation of normal 
(zonal) soils of arid regions has come to be regarded as 
universal phenomenon. It is estimated that about 39% of the 
worlds' dry land area is covered by saline-alkaline soils. In 
Asia, these are reported from the eastern and western 
Siberia, Mongolia, Manchuria, Persia, Afghanistan and 
Pakistan, apart from India. They are also distributed in the 
eastern part of Trans-Caucasia, Rumania, Hungary, U.K., South 
-Eastern France, Australia, Western America, some provinces 
of Canada and in the North-Eastern, Central and South Africa. 
The saline and alkaline soils In India , referred to as 
Dsar or Reh, are distributed broadly follows (see Fig. 1):-
1. The coastal salt flats along the Runn of Kutch. 
2. Some areas in the states of Rajasthan and Madhya Pradesh. 
3. The saline marshy areas along the sea coast, tho 
Indo-Gangetic alluvial plain and the deltas of the Ganga, 
the Cauvery and the Mahanadi rivers. 
4. The Uplands of Deccan Plateau between the Godavari, the 
Tapti and the Bhirna rivers. 
5. The valleys and the basins of western India. 
6. The Indus Valley. 
A survey was conducted by the Ministry of Food and 
Agriculture in 1961 to demarcate the waste-lands of India. 
Subsequently a number of papers were published on the waste-
land areas of, mainly the Indogangetic region by Uppal 
(1961), Kanwar (1961 and 1962), Agarwal and Yadav (1968), 
Shafi (1968) and Singh (1978). Raychaudhary (1952 and 1974) 
suggested methods of extension of cultivated areas for 
agriculture. The Indian Council of Agricultural Research 
(1958) suggested methods of soil conservation and reclamation 
in waste-land regions. 
Yadav (1985) suggested measures of utilization of waste 
lands of Sultanpur district. Some reports/maps and 
publications were also brought out by the Soil Survey Unit of 
Sarda Sahayak Command Area Development Authority (Anon, 
1986a), Soil Testing Laboratories of State Department of 
Agriculture (Anon, 1986b) and the Indian Council of 
Agricultural Research (Anon, 1986c). Ahmad (1987) attempted 
geochemical investigation of soils around Amethi, Sultanpur 
district, U.P. 
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2 . 2 . REVIEW OF LITERATDRE: 
2 . 2 . 1 . D e f i n i t i o n of S o i l : 
So i l has been defined as "a n a t u r a l body of mineral and 
organ ic c o n s t i t u e n t s , d i f f e r e n t i a t e d i n t o hor izons , of 
v a r i a b l e dep th which d i f f e r from t h e ma te r i a l below m 
morphology, p h y s i c a l make-up, chemical p r o p e r t i e s and 
b i o l o g i c a l c h a r a c t e r i s t i c s " ( J o f f e , 1949 ) . 
The term ' s o i l ' inc ludes rock or unconsol idated 
sedimentary m a t e r i a l s t h a t have been a f f e c t e d by processes or 
phys ica l r e o r g a n i z a t i o n and/or chemical change dependent upon 
t h e i r con t inued proximity to t h e a tmosphere and biosphere 
(Ca t t , 1986) . 
2 . 2 . 2 . F a c t o r s i n So i l Formation: 
The main s o i l forming f a c t o r s a r e a s fol lows (F ig . 3 ) : -
i ) Cl imate ( c l ) 
i i ) Organ ism/Bio log ica l A c t i v i t y (o) 
a . Fauna 
b . F lo ra 
iii) Parent material (p) 
a . Tex tu re and s t r u c t u r e 
b . Chemical and minera log ica l compos i t ion 
Organism 
Parent material 
(Initial material) 
io> 
Time 
A. Flower diagram 
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Climate 
Rellief 
(Topography) 
""•-->-lit-
P«£VK>U5 !"V* 
fLOHA \ V 
^ -^ fRtVJOUS 
PAUNA 
TV' • - • r ^ * ' , ' 4 ! » « t " I » - ! - i ^^7 1 •• • 
D. Freight train diagram 
Fig. 3 Factors of aoil formation (After F.D. Hole, 1990) 
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iv ) Topography/Relief ( r ) 
a. Elevation 
b. Depth to water-table 
v) Time (t) 
The role of these factors have been a subject of 
discussion by various soil geneticists from Dokuchaev (1898) 
to the present day. The role of these factors nakc an 
interesting study in the genesis of soils and their profiles. 
Jenny (1941) proposed the following equation to express 
various relationships:-
S = fai (climate) o, r, p, t 
S = fo (organisms) cl, r, p, t 
S = f,- (topography) cl, o, p, t 
S = fp (parent material) cl, o, r, t 
S = ft (time) cl, o, r, p 
Where S is any soil property and f is a function of/or 
dependent upon. 
Later on, he (1961) modified the above equation as 
follows:-
S = f (cl, o, r, p, t ...) climo-function 
S = f (o, cl, r, p, t ...) bio-function 
S = f (r, cl, o, p, t ...) topo-function 
S = f (t, cl, o, r, p ...) chrono-function 
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The property of soil is an aggregate effect of all soil 
forming factors. Some of theso factors like parent material, 
relief and time are passive whereas those like climate and 
biosphere are the active agents of soil formation (Joffe, 
1949). The role of these factors are as follows:-
i) Climate: 
The evolution of soil profile is controlled by the 
climate, of which rainfall and temperature being the 
measurable elements. They control the style and rate of 
chemical and physical processes of weathering. Some parts of 
the rain water is either retained by the soil or moves upward 
through evapo-transpiration by plants, but a large part of it 
percolates through the profile carrying with it the soluble 
and colluvial matter. Consequently, the soils tend to be more 
alkaline in the arid climate (less percolation) and acidic in 
the humid climate. Excess rainfall, generally, raises the 
concentration of hydrogen ion, nitrogen, carbon and clay 
decreases the pH and exchangeable bases in the soil. 
The temperature accelerates the rate of chemical 
reaction. Biochemical activity too is very sensitive to 
temperature variation. 
Excess of moisture reduces the leaching of soil. The 
upward movement of water-soluble salts through capillary 
action transports the colloidal and dissolved matter to 
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higher levels forming a concretionary horizon on coagulation 
and deposition. In arid to semi-arid regions incomplete 
leaching results in the development of alkaline soils. The 
rate of weathering (and leaching) in tropical areas estimated 
as three times faster than that in the temperate regions and 
nine times faster than that in the arctic (Jenny, 1941). 
ii) Organic Activity: 
The activity of organisms (fauna and flora) is very 
important in soil formation as they play an important role in 
decomposition of plant residues. 
Warm climate favours the activity of micro-organisms 
which decompose plant debris without accumulating huraus, 
instead, producing organic acids. The maximum accumulation 
of humus can take place in cool climates only. 
Deep rooted plants too help transfer of elements to 
top soils when they die or shed leaves. The appearance of 
ammonium compounds and nitrates in the soil is the result of 
a long series of biochemical changes beginning with proteins 
and related compounds (Brady, 1984). The production of 
sulphate is roughly analogous to the biological 
simplification of nitrogen. 
The fixation of elemental nitrogen into compounds is one 
of the most important microbial processes in soils. The 
nitrogen fixing bacteria acquire their energy from the soil 
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organic matter, fix the free nitrogen, and make it a part of 
own tissue (Brady, 1984). 
Cultivation depletes the organic matter and plant 
nutrients. Manuring adds to organic content whereas fertili-
zers alter pH and the fertility status of the top soil. 
iii) Parent Material: 
The type of soil is, generally, related to composition 
of parent rocks (both chemical & mineralogical), their 
textures as well as structures. These influence the rate of 
weathering and also the natural vegetation. Soil develop 
rapidly in permeable or easily decomposed rocks. 
The parent material comprise:-
a. In situ rock matter. 
b. Transported material 
c. Organic matter 
The resistant mineral assemblage and the mechanical 
composition of the soils are diagnostic of their provenance. 
The clay mineral assemblage is related to mineralogy of the 
parent material. The type and concentration of trace elements 
are also useful in the interpretation of the provenance. 
iv) Relief (Topography): 
The influence of the topography on the drainage, erosion 
and water-table is well recognized. A close relationship 
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exists between the slope angle, drainage system and the rate 
of erosion. The soils develop shallow profiles on steep 
slopes. On 25 to 40 percent slopes, the A and C horizons are^  
generally developed. On the slopes and uplands, good soil 
drainage produces well-aerated, oxidized soils containing 
bright coloured B horizons with organic contents. In areas 
of moderate to high relief, horizons A and B are very well 
developed. The terrain in low-lying areas, may be saturated 
with water. They are poorly drained, have water-logged soils 
(with low oxidation) and develop grey B horizon with A 
horizon rich in organic content. Peat may form in the 
shallow water-table areas. 
In semi-arid regions, a temporary water-table may exist 
alongside rivers during wet seasons. This may account 
for development of saline profiles behind levees, where the 
water-table is nearer to the surface. 
v) Time: 
The time required for the development of a soil horizon 
is related to the type of source material, the climate and 
the vegetation. In glaciated regions time required for the 
formation of soil is much longer. Those overlying the 
alluvial or lacustrine deposits do not require as much time 
as those overlying the surrounding upland. The development of 
a distinct B horizon, normally, requires a much greater 
length of time, often, measurable in centuries or even in 
tens of thousands of years (Jenny, 1941). 
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2.2.3. Soil Profile: 
Soil profile defines the vertical variation in a soil as 
seen in its section. It is characteristically organised into 
layers of differing colour, texture and composition, quite 
distinct from underlying parent material. The observed 
geochemical dispersion of elements in them is largely due to 
variation in pH, organic matter, clay minerals and the amount 
of Fe-Al-Mn oxides. 
The soil layers, referred to as horizons, have thick-
nesses varying from a few centimetres to a meter or more. The 
development of profile is synonymous with soil formation. It 
primarily involves vertical movement of material in solution 
and suspension, accompanied by a series of complex chemical 
reactions, mostly organic. The essential medium is water 
which aids in transference and reconstitution. 
We11-developed profiles, have been divided into five 
principal horizons by Brady (1984) which are designated as 0, 
A, E, B and C horizons. A horizon of pure organic matter (0 
horizon) lies above the A horizon. The A, E and B horizons 
constitute the solum or the 'true soil' while the C horizon 
represents a partly weathered layer of parent material from 
which the solum has been derived. Each horizon may, further, 
be sub-divided into sub-horizons such as Oa., Oa, Ao., Aa .... 
etc. (Fig. 4). 
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i) O Horizon: 
The 0 horizon is formed from the litter of dead plants 
and animals in forest areas. They may be above the A horizon 
and may be differentiated into Oi, Oe and Oa sub horizons 
based on the degree of decomposition of plants and animals. 
ii) Eluvial (or A) Horizons: 
These are the mineral horizons characterized by maximum 
leaching or eluviation (from Latin meaning "to washout"). The 
horizon lies nearer to surface and have the maximum organic 
accumulation. Some of the constituents are removed as true 
solutions through downward moving water, others are removed 
as dispersed colloidal particles. The master horizons of this 
group are designated as A, E and so on. The A horizon is the 
topmost mineral horizon with dark colour and also known as A^ 
horizon. It contains organic acids and CO2 generated by 
bacterial action and decay of huraus, as a result 
of which, leaching is augmented in the horizon. Carbonic 
acids and organic acids furnish H* that contributes to 
decomposition of minerals and displaces the bases (Na, K, Ca, 
Mg) from the exchange sites of clay minerals, clay size 
oxides and organic materials. There is maximum eluviation of 
silicate clays and of iron and aluminium oxides in the E or 
A3 horizon. The primary minerals and rock material are left 
behind in the upper soil (A horizon). 
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iii) Illuvial (or B) Horizon: 
The B horizons havo maximum accumulation of Fe and Al 
oxides besides silicate clays. The yellow brown colour in 
these profiles is due to enrichment in Fe-oxides by 
illuviation. The horizon may also gain material brought up by 
ascending soluble matter from the underlying horizons. The 
illuviation takes place in less acid environment during the 
downward percolation of water. The B horizon is also referred 
to as 'sub-soil'. This horizon is further sub-divided into 
BA, B and EC sub-horizons on the basis of illuviation. 
iv) C Horizon: 
This is a horizon of weathered material (_in situ or 
transported), underlying the A and B horizons. The C horizon 
can be sub-divided into various zones of weathering with the 
intensity decreasing with depth. The organic matter and clay 
content are minimum in this horizon, making them lighter in 
colour than the B horizon. The relict rock structures and 
textures are better preserved in this horizon. Metals from 
this horizon is taken up by deep rooted plants and are 
transferred to the surface. Some of the metals get 
transferred to B horizon along with the hydrous oxides of Fe 
Mn or the clays. 
2.2.4. Formation of Saline-Alkali Soils: 
The processes of formation of saline-alkali soils in the 
Indogangetic region can be summed up as follows:-
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i) Accumulation of salt due to marine cycles through a sea 
gulf extending from Sind and Afghanistan in the west, to 
Nainital in the east during Pleistocene Period (Centre,1880). 
The Himalayan rivers brought down the sediments to the gulf 
forming a vast plain of alluvial deposits. The receding sea, 
however, left behind the salines and later the soil material 
rested on the brackish aquifer. 
ii) The source of the salts could be one or more of the 
following (Leather, 1914):-
a. from a sub-soil bed. 
b. deposited by river water along with alluvium. 
c. _in situ due to decomposition of minerals. 
d. from canal water. 
The source of the salts to the aluraino-silicate minerals 
of rocks has been favoured by some workers (Richards, 1954; 
Aggarwal and Yadav, 1968). The carbonate and bicarbonate of 
alkali will flow through surface and sub-terranean water 
areas under arid climatic conditions (Kovda, 1964) where they 
will get fixed up. 
The salinity in the soils of U.P. has been attributed to 
alternating wet and dry seasons (Auden ejt al. , 1942). The 
high rate of evaporation causing the accuraulation of the 
salts in the soils (Sen, 1958; Bear, 1964; Brester et al. , 
1982; Fitzpatrick, 1984). 
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Bhumbla (1977) considers topographic lows, higher 
content of clay and silt, low permeability and obstructed 
drainage as the main factors for salinity in Sultanpur and 
Aligarh areas of U.P., Mahi and Kadana areas of Gujrat, 
Tungabhadra area of Karnatka and Andhra Pradesh and Chambal 
Command area of Rajasthan and Madhya Pradash. 
Secondary salinisation in non-saline or weakly saline 
soils may develop due to uncontrolled irrigation thereby 
transforming them into Solonchak. The natric horizons in 
Sakit and Hasanpur series might have come from basic material 
aided by salt rich ground water, poor drainage conditions, 
presence of impermeable kankar pan, and prolonged and 
uncontrolled canal irrigation (Gawande et. al., 1980). 
iii) Pedotranslation of materials in the soil profile through 
infiltrated water carrying dissolved and suspended matter add 
to the development of salinity in soils (Mckeague and 
St. Arnuad, 1969). 
Sehgal (1972) observed that clay migrate within the soil 
when subjected to perfusion with water under slightly 
unsaturated conditions. The dispersal of clay within the soil 
has also been reported by the Soil Survey Staff of the USDA 
(1968). Similarly, argillic horizons in the Las Cruces area 
may have formed due to percolation of readily available water 
during the Pleistocene period (Gile et aj^. , 1965; Ruhe, 1967; 
Fitzpatrick, 1984). 
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iv) The reducing and oxidizing conditions in the Indo-
Gangetic soils has been attributed to seasonal fluctuations 
of ground water or the intermittent presence of a perched 
water-table (Simson and Boersma, 1972). 
The presence of a carbonate-enriched layer at the bottora 
of illuvial horizon is the most striking feature of roost of 
the zonal and some of the intrazonal soils in the arid and 
semi-arid (tropical) regions. The genesis of concretionary 
layers has attracted much attention (Chaturvedi and 
Raymahashay, 1981). 
v) Leaching of calcium carbonate of cementing material has 
been recognised as an important factor (Hilgard, 1910) in the 
formation of concretions. 
The deposition of caliche characteristics of arid and 
semi-arid (tropical) regions, would require alternate periods 
of wetting and drying. It would form by evaporation of 
ascending ground water as well as descending water, removal 
of water from calcium bicarbonate solution by plant roots and 
by evaporation of surface and/or flood waters aided by algae 
and other plants (Jenny, 1941). 
The calcite in soils could be of two origins:-
a. Primary- inherited from the parent rock. 
b. Secondary- formed in the soil itself. 
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In Indo-Gangetic alluvium, most carbonate are secondary 
(Sehgal and Stoops, 1972). The calcitic nodules of soil often 
have an outer neoferous layer indicating reducing condition 
of deposition. 
2.2.5. Mineralogy of Clay: 
The clay sized weathering products are either silicate-
clays or oxide-clays. The former are composed mainly of clay 
minerals and the latter of clays with oxides of Fe, Al and, 
to a lesser extent, of Mn. 
Mmeralogical study of the soils of India has been 
attempted by a number of soil scientists. Ansari (1987) has 
reported the presence of quartz, muscovite, orthoclase, 
microclme and plagioclase among lighter fraction and 
tourmaline, zircon, garnet, biotite, chlorite, kyanite, 
hornblende, staurolite, epidote and rutile among the heavier 
fraction in his study of the soils of Aligarh. 
The clay minerals vary widely in chemical composition 
and ion exchange capacity. The clay minerals are often 
mterstratif led. The identity of the mineral involves 
determination of the sequence of layers, inter-layer 
distance, the elements present in the octahedral layers, the 
charge on the layers, and the nature of inter-layer cations 
balancing the layer charge. Different types of clay forn 
under different physico-chemical conditions described m 
following paragraphs:-
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i) Smectite (Montmorillonite) : 
Montmorillonite is a dioctahedral smectite requiring a 
relatively high ionic concentration of Si and Mg for its 
formation. Ca, Na, K2NH4 may take the place of Mg. The 
concentration of these elements can be maintained by slow 
movement of soil water. The minerals, however, have low 
stability under conditions of high hydronium concentration 
and rapid leaching. 
ii) Vermiculite: 
Vermiculite has a higher negative layer charge as 
compared to smectite. It is formed under conditions of 
moderate hydronium concentration. Free availability of excha-
ngeable ions accompany higher layer charge. Also, mica must 
be present in the initial material. It requires a high conce-
ntration of Si in the solution and low concentration of Al. 
iii) Illite: 
A hydrous mica, it forms under conditions of moderate to 
low hydronium concentration involving partial stripping of K 
from the inter-layers. Although illite is typically developed 
in deep-sea sediments, their stability in soils is due to 
relatively moderate to high concentration of Si and Al . 
Vermiculite is formed here under conditions of moderate to 
high hydronium concentration. 
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iv) Al-rich Vermiculite: 
The aluminium-rich vermiculite is a common weathering 
product of micas involving inter-layer expansion like those 
of montmorillonite. It requires high or low hydronium 
concentration and medium to high Al and Si concentration for 
its formations. 
v) Kaolinite: 
The formation of kaolinite takes place under conditions 
of nearly equal Si and Al concentrations, high hydronium 
concentration and, essentially, absence of Mg and other 
bases. In Kaolinite, the combined tetrahedral-octahedral 
layer is bound to other similar layers by hydrogen bonds and 
weak ionic forces. 
vi) Halloysite: 
The halloysite forms during rapid weathering of 
feldspars when the concentration of Al approximately equals 
that of Si. The required conditions are high hydronium 
concentration and zero or very low concentration of the 
bases. 
vii) Goethite: 
Goethite is an oxyhydroxide requiring relatively high Eh 
and moderate hydronium concentration for its formation. It is 
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formed due to rapid disintegration of ferromagnesian 
minerals. Under persisting high oxidizing conditions and 
moderate pH, it is gradually converted to hematite. 
2.2.6. Classification of Soil: 
Early attempts at soil classification were based on 
their chemical compositional, mainly reflecting the affect of 
chemical weathering. The pedalfer soils (latin- pedo=soil, 
al=alurainium, fer = ferrous or iron) are characteristic of 
humid or light rainfall areas. They are typically acidic 
soils. The pedocal soils (cal=calcium) are characteristic of 
dry climatic region. Calcium makes them more alkaline. These 
two types of soil represent respectively more and less 
extensively leached soils. 
Subsequent soil classification tend to be more genetic. 
The factors like, climate, drainage, topography, parent 
material, etc. were included in the classifications. 
Modern soil classifications tends to be more 
sophisticated and complex involving soil composition, 
texture, type of bed-rock, climate, degree of maturity, etc. 
Different countries have adopted different schemes of soil 
classification. The new UNESCO world map uses 110 different 
units, which is smaller when compared with other systems .of 
classification. 
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Some of the important systems of soil classification are 
described in the following paragraphs. 
i) Textural Classification: 
This system of soil classification was suggested by the 
United State Department of Agriculture (USDA). Three broad 
groups of soil- sandy, loamy and clayey were recognised on 
the basis of texture. Each group was further sub-divided into 
classes (Table 1), which were named according to grain size 
(Fig. 5). 
Table 1 Textural classification of soils according to the 
U.S. Department of Agriculture (After Brady, 1984). 
+ + 
! ComiDon names Texture Basic soil textural class 1 
+ + 
Sandy soils coarse Sands 
Loamy sands 
Loamy soils Moderately coarse Sandy loam 
Fine sandy loam 
Medium Very fine sandy loam 
Loam 
Silt loam 
Silt 
Moderately fine Sandy clay loam 
Silty clay loam 
Clay loam 
Clayey soils Fine Sandy clay 
Silty clay 
Clay 
+ 
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Fig. 5 Guide for textural classification 
(After Drady, 1974) 
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ii) Comprehensive System of Classification: 
A comprehensive system of classification known as 
Seventh Approximation also referred to as Soil Taxonomy 
system of USDA (Soil Survey Staff, 1975) was evolved. It 
incorporated a new set of terms based on chemical, 
mineralogical, physical and biological properties of soils. 
Other systems borrowed liberally from the USDA system. The 
world soil map of the Food and Agriculture Organization 
(F.A.O.) of the U.N., received wide acceptance among the soil 
scientists. For the purpose of comparison various systems of 
soil classification are tabulated (Table 6). 
In Soil Taxonomy system there are six categories or 
levels of classification (Table 2). First of all there are 
ten major orders which are further sub-divided through 
various levels into a total of some 12000 soil series. The 
latter was subsequently raised to 13000 (USDA, 1975). 
Table 2 The USDA categories or levels of soil classification 
with approximate number of units under each. 
+ + 
1 Category/Level Units I 
+ + 
1 Order 10 
I Sub order 47 
! Great group 230 
; Sub group 1200 
; Family 6000 
; Series 13000 
The orders are created on the basis of diagnostic 
horizons (Tables 3 and 4). These horizons also control 
depression pattern of trace element. 
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Table 3 Diagnostic Soil Horizons (After 
1976; Dregne, 1976), 
DSDA, 1975; Young, 
Diagnostic Horizon Main Characteristics 
A. Surface Horizons or Epipedons (A Horizons) 
B. 
1 
7, 
8 
9, 
C. 
1, 
Histic (O) 
2. Mollic (A) 
Organic content >20%, peaty or mucky, 
usually water saturated, diagnostic of 
histosols. 
A granular dark horizon >18cm thick with 
organic matter >1% and base saturation 
>50 %, Ca is main exchangeable cation. 
Typical of grass lands, diagnostic of 
mollisols. 
Similar to mollic except base saturation 
<50 %, typical of forested area. 
Light coloured, pale or thin surface 
horizon, organic content <1%, typical of 
arid regions and some forested regions 
Sub-surface Horizons (B Horizons) 
Umbric 
Ochric 
(A) 
(A) 
Argillic (Bt) 
Natric Btn) 
3. Spodic (Bhs) 
4. Cambic (B) 
Oxic (Ba) 
Albic (E) 
Calcic (K) 
Gypsic (y) 
Salic (z) 
Other Horizons 
Gley 
Ferric 
3.Base saturated 
Accumulation of illuvial clay, 
diagnostic of alfisols and ultisols. 
Like an argillic (Bt), but high in 
alkali , exchangeable Ha >15% of total 
exchange capacity, columnar structure, 
present in some aridosols and mollisols. 
Accumulation of organic matter and 
Al-oxides with or without Fe-oxides, 
Diagnostic of spodosols. 
Texturally distinguishable from a 
horizon but lacking illuvial clay, 
Fe-Al oxides, organic matter or alkali 
enrichment, may be present in 
inceptisols and mollisols. 
Highly weathered, composed of kaolinite, 
Fe-Al oxides, very low cation exchange 
capacity, (<15 ra/100 gn clay) no clay 
coatings, diagnostic of oxisols. 
Light coloured, clay and Fe, Al oxides 
have been leached. 
Accumulation of appreciable carbonate. 
Accumulation of gypsum. 
Accumulation of salts. 
A blue-grey sub surface water-logged 
horizon, reducing and usually mottled 
with spots of brown to yellow. 
With red mottles and concentrations and 
low cation-exchange capacity. 
The fraction of exchange sites on clays 
or other colloidal properties that is 
occupied by Ca,Mg, Na i K, the remaining 
sites are occupied mainly by H and Al. 
Base saturation is the measure of the 
degree of weathering and leaching. 
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Table 4 Soil Orders 
+ 
I Soil Orders 
of Soil Taxonomy System (After USDA,1975) 
+ 
Latin 
or other 
derivatives 
Main Characteristics 
+ + 
l.Entisol (-ent) 
2.Inceptisol(-ept) 
3.Mollisol (-oil) 
4.Al£isol (-alf) 
S.Dltisol (-ult) 
6.0xisol (-ox) 
7.Vertisol (-ert) 
e.Aridosol (-id) 
9.Spodoaol (-od) 
lO.Histosol (-ist) 
Nonsense 
symbol 
(Recent) 
L.Incepttun= 
beginning 
L.Mollis= 
soft 
Nonsense 
symbol 
(Al-Fe) 
L.Ultimus= 
last 
Oxide 
L.Verto= 
change 
L.Aridus= 
dry 
L.Spodo= 
wood ash 
L.Histos= 
tissue 
Little profile development, 
consists of little modified 
parent material, ochric 
epipedon common. 
Embryonic soils of humid 
regions, cambic horizon, 
few diagnostic features. 
Soils with a mollic A 
horizon, high base satura-
tion dark soils of 
grasslands. 
Soils with argillic or 
natric B horizon, high 
to medium base saturation 
(>35%), forest soil. 
Soils with an argillic B 
horizon and base saturation 
(<35%), forest soil. 
Soils with an oxic B 
horizon, no argillic 
horizon, highly weathered. 
Soils with a high content 
of swelling clay, forming 
deep cracks when soil dry. 
Soils with an aridic 
moisture regime, an ochric 
A horizon and high base 
saturation , may have 
calcic, gypaic, argillic 
or natric B horizons. 
Soils with a spodic B 
horizon with Pe, Al and 
humus accumulation. 
Soils with a histic (peat 
or bog) horizon, organic 
matter >20%. 
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The orders are sub-divided into sub-orders on the basis 
of environment (e.g. histosols) and physical properties (e.g. 
entisol). The sub orders are named using a prefix denoting 
'formative element' (Table 5) and a suffix denoting order. 
Table 5 Prefixes used in naming sub-orders according to 
formative elements (After USDA, 1975). 
I Prefixes 
I (in sub order) 
Connotation of formative elements 
And-
Aqu-
Arg-
Bor-
Fibr-
Huro-
Ochr-
Orth-
Psamm-
Sapr-
Umbr-
Ust-
Xer-
Soils from vitreous volcanic parent 
material 
Soils that are wet for long period 
Soils with a horizon of clay accumulation 
Soils of cool climate 
Soils with mineral decomposition 
Soils with organic matter 
Soils with little organic matter 
Soils typical of their order 
Sandy soils 
Soils of humid climate 
Soils with dark surface layer of much 
organic matter 
Soils of dry climate with summer rains 
Soils of dry climates with winter rains 
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The great groups are named by adding a prefix to denote 
diagnostic horizons or variants of horizons. The sub-groups 
are named by an adjective preceding the name of the great 
group. Family names add more adjectives to indicate 
properties important to plant growth. For example, the 
pallid blue-grey mottled soils of humid regions are denoted 
by gley, gleyic-ground-water or similar terms in old 
classification and by the prefix aqua- in the Soil Taxonomy 
system. Similarly, salt-rich or saline soils of arid regions 
are denoted as solonchak or solonetz in the old system and by 
prefixes natr- and sal- in the Soil Taxonomy. 
Various types of soil may be grouped under azonal, zonal 
and intrazonal types (Table 6). Azonal soils are immature 
characterized by the presence of parent material. They may bo 
recent alluvium, volcanic ash, wind-blown sands and shallow 
bed rocks. They are called entisols, inceptisols and alluvial 
soils. The zonal soils are characterized by mature soil 
profiles. They are podzols, chernozems, latosols and desert 
soils of the old classification. The intrazonal soils are 
those influenced and altered by local conditions, viz. 
drainage. It appears, therefore, logical that the soils of 
similar climatic regions resemble with each other. 
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Table 6 Correlation of soil orders of different systems along 
with their climate and local conditions (After Dudal, 1968; 
Aubert and Tavernier, 1972; Young, 1976 and Brady, 1984). 
+ 
FAO (1974) 1 
+ 
DSDA (1975) Old system 
Zonal Soils 
1.Soils of the 
cold climate 
2.Podzolic and 
related soils 
of temperate 
and tropical 
forested 
regions 
Inceptisols 
(eryo-or 
Aqu-Prefix) 
Spodosols 
Alfisols 
Ultisols 
Oxisols 
3.Soils of semi- Mollisols 
arid,subhumid, 
and grasslands 
Tundra (gleyic 
soils), Arctic 
brown-soils 
Podzol 
Brown podzolic 
soils 
Gray-brown pod-
zolic soils 
Gray-Podzolic 
soils,Non-calcic 
brown soils,Deg-
raded chernozems 
Red-yellow 
podzolic soils 
Ferrallitic soils 
Ferruginous soils 
Ferrisols 
Degraded 
chernozems 
Prairie soils 
Reddish Prairie 
soils 
Chernozems 
Chestnut soils 
Reddish chestnut 
soils 
Brown soils 
(in part) 
Vertisols Grurou soils 
Gleysols 
Podzols 
Luvisols 
Aerisols 
Ferralsols 
(Nifosols) 
Phaeozems 
Chernozems 
Kastanozems 
Vertisols 
Contd 
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DSDA (1975) Old system FAO (1974); 
4.Light coloured Aridosols 
soils of arid 
regions 
Interazonal Soils 
1.Hydromorphic 
soils of mar-
shes, swamps, 
flats and 
seepages 
2.Halomorphic 
(saline and 
alkali),Soils 
of imperfec-
tly drained 
arid regions 
3.Calcimorphic 
soils 
Azonal Soils 
Aqu-Prefix 
Histosols 
Sal-natr-
Prefixes 
Brown soils Xerosols 
(in part) 
Reddish-brown soils 
Desert soils 
Reddish desert Yermosols 
soils 
Humid-gley soils, Gley soils 
Alpine meadows soils 
Low humid-gley soils 
Planosols 
Ground water Podzols 
Ground water 
latasols 
Bog soils Histosols 
Half-bog soils 
Solonchak 
Solonetz 
Solonchak 
Solonetz 
Red-Prefix Brown forest soils 
Rendzina 
1.Soils on 
little-weath-
ering parent 
material 
2.Soils with only 
incipient 
horizon 
Entisols Lithosols 
Regosols 
Alluvium 
Inceptisols 
Rendzina 
Lithosols 
Regosols 
Fluvisols 
Audosols 
Cambisols 
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iii) Classification of Saline-Alkali Soils: 
In the genetic system of soil classification of Throp 
and Smith (1947), the salt affected soils (solonchak, 
solonetz and soloths) are placed in a halomorphic group. 
Later on, three types of soils in this group were 
distinguished, viz. saline, alkali, and saline-alkali 
(Richards et al., 1954). Some of the modern approaches 
towards classification of these soils are described in the 
following paragraphs. 
a. The Russian Approach: 
On the basis of genetic profile, various types of 
solonetz, semi-desert and meadow soils were recognized 
(Pate, 1971, In: Ansari, 1987). Solonchak was further 
differentiated into classes on the basis of soluble anionic 
content, like, chloride, nitrate, sulphate, and carbonate. 
The following classes were suggested by Kovda (1961):-
1. Soda Solonchak 
2. Sulphate Solonchak 
3. Chloride Solonchak 
4. Nitrate Solonchak 
A typical solonetz profile comprise Eluvial A-
alluvial. Prismatic, block Bi- carbonate Ba- salt horizons. 
38 
b. The American Approach: 
The Ammerican approach differs from that of the Russian 
in that no specifications about the nature of electrolyte and 
class limits of salt content are given. 
The comprehensive USDA system reflects the soil 
properties. 
c. The F.A.O. Approach: 
The F.A.O. system, like the USDA system, is a combina-
tion of selected genetic elements. These are as follows:-
1. Three types of A horizons, melanic (humus with base 
saturation <50%), sorabric (saturation >50%) and histic 
(coarse humus with 20-30% organic material). 
2. Four types of B horizons, argillic, natric, cambic and 
spodic. 
3. Five additional types of horizons, calcic, gypsic, salic 
plinthic and gleyic. 
The system stipulates more than 6% saturation of sodic 
phase with negligible sodium in some horizon within 100 cm of 
the surface. The natric phase, unlike solonetz, has B 
horizons with a high exchangeable sodium saturation. 
According to the F.A.O. system, the solonchaks have at least 
2% easily soluble salts in the upper most (30 cm) soil 
horizons. 
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d. The Hungarian Approach: 
De Sigmond (1927) classified alkali soils as follows:-
1. Soils rich in alkali and CaCOa 
2. Soils having less alkali but considerable amount of CaCOa 
4. Soils rich in alkali but free of CaCOa 
Abraham and Boeskai (1971) classified Solonetz into five 
types as follows:-
1. Solonchak Solonetz 
2. Meadow Solonetz 
3. Meadow Solonetz turning into steppe 
4. Solonized Meadow 
5. Solod 
The chemical characteristics of these soils show a 
degree of overlap within the meadow solonetz, meadow solonetz 
turning into steppe and solonetzic meadow (Darab, 1971). 
e. Classification of Saline-Alkaline Soils of India: 
Classification of salt-affected soils of India has not 
been standardized, although, typical saline, alkali and 
saline-alkali soils have been recognized under different geo-
climatic regions. 
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The genesis and classification of these soils have been 
discussed by Raychaudhari et^  ^ . (1962), Kanwar and Sehgal 
(1962), Abrol and Bhumbla (1971), Sehgal et al. (1973), 
Bhumbla (1977) and Manchanda and Khanna (1979). 
Raychaudhari (1963), in his description of saline, 
highly alkaline-saline and slightly alkaline-saline soils of 
India has distinguished six types as follows:-
1. Alkali 
2. Saline 
3. Potentially saline 
4. Coastal saline 
5. Deltaic saline 
6. Saline sulphate 
f. Problem of Classification of Saline-Alkaline Soils of 
Indo-Gangetic Plain: 
Nearly 2.4 million hectares area of the Indo-gangetic 
plain is reported to be covered by the salt-affected soils 
(Bhargava et a_l., 1975). Most of these are analogous to soda-
solonchaks or black alkali soils of the Russian system. They 
are characterized by high pH value, high sodium carbonate and 
bicarbonate and high sodium saturation (80-90%). This is 
possibly related to a shallow non-saline ground water-table 
at least for some part of the year. The level of salinity is 
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low for sodic horizon but high enough for agricultural 
purpose (Abrol et al. , 1971; Sehgal et a_l. , 1973; Bhargava 
et al. , 1975/ In: Ansari, 1987). Subsequently the natric 
horizon was redefined and a salic sub-group added to it. 
The natric soils are light coloured (generally yellow), 
poorly aggregated more than 10 cm in thickness and infertile. 
They are found in subtropical and semi-arid regions where 
average rainfall is 720 mm and the maximum and minimum 
temperatures are of 31.7°C and 18°C, respectively 
(Bhumbla, 1977). 
Three types of natric epipedon (horizons) are 
distinguished:-
1. Epinatric natrustalfs 
2. Epinatric haplustalfs 
3. Natrustalfs 
The epinatric natrustalfs has the entire alkaline 
profile, whereas, epinatric haplustalfs has their sub-stratum 
free of alkali hazards. The natrustalfs present potential 
problem in the upper part of the soil only due to 
carelessness in management and would require only surficial 
reclamation. 
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Chapter III 
MATERIALS AND METHODS 
3.1. SOIL MAPPING DSING REMOTELY SENSED DATA: 
The soils of the area were mapped using LANDSAT-5 TM FCC 
(Bands 2,3,4,) imagery pertaining to Path and Row number 
143-042 (6.12.1989) (Plate 1). Other thematic maps were also 
prepared to depict the geology/ geomorphology, etc. from the 
imagery. For thematic information of part of the area, 
digital data of IRS LISS II (49-24, A2), Bands 1,2,3,4 
(15.4.1992) were used for digital image processing. 
The following external sources were also consulted for 
the present study: 
A) Survey of India toposheets Nos. 63 F, 63 J and 63 K on 
1:250000 scale, and 63 F/10, 63 F/11, 63 F/12, 63 F/14, 
63 F/15, 63 F/16, 63 J/3, 63 J/4, 63 J/7, 63 J/8, 63 J/11, 
63 J/12, 63 K/5 and 63 K/9 on 1:50000 scale, corresponding 
to 1971 edition. 
B) Soil maps prepared by Soil Survey Dnit (Sarda Sahayk) 
and Soil Testing Lab., Sultanpur (Anon, 1986a & 1986b). 
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Plate 1 
LANDSAT TM FCC (Bands 2, 3, 4) imagery used in 
the present study. 
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3.2. FIELD CHECKS: 
The reliability of the soil map prepared through 
remotely sensed data was checked through selective field 
survey. The final saline-alkaline soil map was prepared by 
integrating ground truth and remotely sensed data. Ground 
truth was collected through field surveys and data from 
external sources e.g. Survey of India, topographic maps and 
soil maps (Anon, 1986a; 1986b). 
Sampling and Profiling: 
The sampling and profiling were done in the area. 
About 22 samples of surface soils (upto 30 cm depth) were 
collected from various localities on the basis of visual 
variation in soil and salinity-alkalinity grade. 
About 15 samples were also collected from various 
horizons at three selected profile sites (5 samples from each 
site) in salt-affected areas. The observations were recorded 
as per the guide-lines of FAO and DSDA Handbook No. 60. The 
soil horizons were differentiated on the basis of variation 
in texture, colour, mottling, hardness, calcareousness, root 
contents, etc. 
About 1 Kg of soil sample from each site was taken and 
stored in polythene bags bearing location and horizon 
numbers. The samples were used for determination of digital 
number (DN), physical and chemical characteristics, and 
mineralogical composition of the soils. 
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3.3. LABORATORY WORK: 
3.3.1. Preparation of sample for Lab. work: 
The bags containing soil samples were left open in the 
laboratory for a few days to allow them to dry at room 
temperature. Substiquently, the following procedure was 
adopted:-
i) The dried samples were weighed and broken with a roller 
and then passed through a 2 mm sieve for the study of 
physical properties and mineralogical studies. 
ii) Then the crushed samples (<2 mm size) were powdered 
using an agate mortar and pastle for use in chemical 
analysis. 
iii) Solution A was prepared according to Katz' method 
(1968), for the determination of silica and alumina. 
iv) Solution B was prepared according to Barnas' method 
(1968), for the determination of major and trace elements. 
3.3.2. Mechanical Analysis: 
The mechanical analysis of soil fractions (ie. sand, 
silt and clay) was carried out using sieving method (upto 30 
mesh size of 0.05 mm) and Pipette method (Piper, 1950). The 
sand, silt and clay percentages were used to establish soil 
textural classes according to USDA system (Brady, 1984). 
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3.3.3. Mineralogical Studies: 
The heavy and light minerals in saline-alkali soils of 
the area, were identified using Optical Microscope (James 
Swift, Model F, England). 
3.3.4. Chemical Properties: 
i) The pH and Electrical Conductivity (EC): 
The pH and EC were determined from 1:2 soil-water 
suspension using portable kit CT-105, For pH standard buffer 
solution of 4 pH was used and for EC standard solution of KCl 
was used. 
ii) Soluble Cations: 
Sodium (Na") and potassium (K") were determined by Flame 
photometry on the Flame Photometers of Systronics and 
Toshniwal (India) make. 
Calcium (Ca"*) and magnesium (rog""*") were determined 
using Versenate method of Cheng and Bray (DSDA, Handbook 
no. 60). 
iii) Cation Exchange Capacity (CEC): 
The CEC was calculated by taking the sum of soluble 
cations (like Na", K*, Ca"'', Mg"'* ) in roeq/100 gro soil. 
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iv) Exchangeable Sodiiom Percentage (ESP): 
The ESP was calculated from the following formula 
(Brady, 1984):-
Exchangeable Sodium (Na*) 
ESP = X 100 
CEC 
v) Silica (SiOa) and Alumina (AlaOa); 
SiOa and AI2O3 were determined from solution A, using 
Spectronic 20 Spectrophotometer. The method of Katz (1968) 
was used in the analysis. 
vi) Major and Trace Elements: 
The major element oxides (FeaOa, CaO, MgO, NaaO, KaO, 
MnO) and trace elements (Zn, Cu, Pb, Co, Ni, Cr, Li,) were 
determined from solution B, using Perkin Elmar Atomic 
Absorption Spectrophotoraeter-902. The procedure of Barnas 
(1968) was adopted in the analysis. 
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Chapter IV 
TOPOGRAPHY, DRAINAGE, IRRIGATION, GEOLOGY AND HYDROGEOLOGY 
OF SDLTANPDR AREA 
4.1. TOPOGRAPHY: 
The regime has a gentle slope towards south-east with an 
average gradient of 1 in 5000. The plain is dissected by the 
Gomti river and its tributaries to produce a few ravines. 
The average elevation of the region is 98.5 m above MSL, 
with a maximum of 111 m in the north-west and a minimum of 
86 m in the south-east part (Fig. 6). 
The slope in the vicinity of the Gomti river is moderate 
but away from the river channel they are extremely gentle. 
The southern and northern areas, with gentle slope, are prone 
to inundation and water-logging. 
4.2. DRAINAGE SYSTEM: 
The main rivers are the Gomti, the Sai and the Majhoi 
which are the tributaries to the Ganges. The area is mainly 
drained by the Gomti river. The drainage in the southern and 
northern portions is poor resulting in the development of 
jhils in an otherwise monotonous landscape. 
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Three sub-basins can be demarcated on the basis of the 
drainage characteristics, micro-relief and slope (Fig. 7). 
These are Gomti sub-basin (47.7%), Sai sub-basin (29.9%) and 
Majhoi sub-basin (22.4%). 
4.3. IRRIGATION AND CANAL SYSTEM: 
The main source of irrigation is through Sarda Canal 
System with Sultanpur and Jaunpur branch canals being the 
most important (Fig. 8). 
The Sultanpur branch canal, extending from NW to SE, has 
two large distributaries, namely, Kurebhar and Phulpur. The 
distributaries irrigate an area of about 67030 ha out of 
69293 ha of cultivable land. 
The Jaunpur branch canal, which is roughly parallel to 
the Sultanpur branch, has six main distributaries, namely, 
Jais, Amethi, Tikri, Aurangabad, Gopalpur and Raroganj. The 
distributaries with minors irrigate an area of about 
1.23 lakh ha out of 1.28 lakh ha of cultivable land. 
Two other distributaries, Subeha and Singhpur, also 
irrigate the northern part of the area. 
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4.4. GEOLOGY: 
Sultanpur area lies in the Ganga-Ghagra doab 
(interflue), and represents a part of the Indo-Gangetic 
alluvial plain of Quarternary age. The alluvium is supposed 
to has been brought down from tho Himalayan ranges by the 
Ganga river system (Dutt, 1968). 
4.4.1. Geological Evolution Of Indo-Gangetic Plain: 
The Indo-Gangetic Plain is the largest alluvial plain in 
the world. It lies between the Peninsular India and the 
Himalayas (Fig. 9) and represents a rapidly sinking basin 
which has been filled with sediments deposited almost 
exclusively under the fluvial conditions. 
The geological evolution of the Indo-Gangetic Plain has 
been explained variously. According to Eduard Suess, the 
great Austrian geologist, the plain represents a 'fore-deep' 
infront of a resistant mass of peninsula where the Tethyan 
sediments were thrusted southward and compressed against 
them. The 'fore-deep' which was a remnant of the sea of 
Tethys, was filled up by the sediments brought down by the 
Himalayan rivers in the north and peninsular rivers in the 
south. Thus the Indo-Gangetic plain carae into existence. A 
similar view was, subsequntly expressed by Misra (1981) and 
others. 
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As evidenced by physical and geodetic conditions, the 
plains occupy a 'rift valley' formed due to sinking of 
earth's surface with pari passu alluvial deposition. The rift 
extending from the surface far down into the crust, about 32 
km deep (Burrard, 1921). However, The Indo-Gangetic 
depression has been considered a true fore-deep with a down-
ward of the Himalayan fore-land of variable depth, thrusting 
into flat plains by alluviation. According to geologists, 
vigorous deposition of sediments in the depressions would 
account for this vast tectonic trough (see Fig. 9). 
Another view invokes a sag in the crust in the north of 
the drifting Indian subcontinent giving rise to a depression 
which was filled by the fluvial sediments. Subsequent uplift 
of sediments resulted in mountain range. 
Regarding the age of the formation, it is believed that 
deposition of the alluvium began with the uplift of Siwaliks 
from Middle Pliocene to Pleistocene period and continued upto 
the present. The Indo-Gangetic depression must have come into 
existence during the later stages of Himalayan orogeny. The 
formation of the depression, probably, began in Upper Eocene 
and attained its maximum during the third upheavel in the 
Middle Miocene. Since then gradual filling of sediments made 
it into a level plain with a very gentle seaward slope. The 
broad uniformity of detritus suggests that it was subsiding 
through the Pleistocene times. The Upheaval of the Himalayan 
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mountains from Middle Pleistocene to Recent times, would 
rejuvenate young streams, thereby, increasing their carrying 
capacity, leading to rapid filling of the depression. 
Oldham (1917), on the basis of geological observations, 
estimated that the maximum depth of the trough near its 
northern limit was 4600 meters. This rose (upward) southward 
to merge with the Vindhyan Uplands of the Deccan. The 
gravity, magnetic and seismic surveys suggests that thickness 
of the alluvial cover varies from 1000 m to 2000 m. 
Glennie's (1932) geodetic estimates gave a thickness greater 
than 3000 m. Borings sunk for artesian wells in the alluvial 
tract upto 1606 m encountered no basement rocks. 
The red Sirbu shales of Upper Vindyan age were however, 
encountered below 379.36 ra depth in a boring at Aligarh 
(C.G.W.B., 1976). 
4.4.2. Tectonic Framework of Ganga Basin: 
The Ganga Basin extends as a monotonous alluvium filled 
plain between Delhi and Saharsa. It is bounded by Delhi-
Hardwar ridge on the west and Munger-Saharsa ridge on the 
east (Sastri et aj^., 1971). The central part of the Ganga 
Basin is characterised by a prominent geophysical feature 
generally referred to as 'Faizabad ridge' and considered as 
the northern extension of the Bundelkhand Granitoid 
massif (Fig. 10). 
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4.4.3 Geology/Geomorphology of Sultanpur Area; 
Sultanpur area lies in the Central Gangetic plains of 
Quaternary age, on the Faizabad ridge. The basement depth is 
estimated at around 1000 meters. Although sub-surface is not 
known, it is likely that the Granites which were encountered 
in drilling at Kanpur may be present as basement rocks in tho 
Gomti Valley too (Rao et aj^. , 1982). 
The deposit consists chiefly of various grades of sand, 
silt and clay in a vertical section at Amethi (Fig. 11). Very 
coarse sand or gravel layers are not so common. Zones of 
kankar (calcium carbonate) occasionally occur in very fine-
grained strata. 
Succession: 
The alluvial deposits of Sultanpur area are referred to 
as Older Alluvium and Newer Alluvium. The Older Alluvium, 
have of greater extent distributed away from the flood plain 
of River Gomti. The Newer Alluvium occupies the low-lying 
areas of the flood plain of the river basin and the narrow 
flood plains of its tributaries. The Older Alluvium is 
designated as Sultanpur Alluvial Formation. The Newer 
Alluvium has been sub-divided into Gomti Older Flood Plain 
Formation and Gomti Recent Flood Plain Formation (Iqbaluddin 
et aX', 1990). Khan et ai. (1992) have designated the Older 
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60 
Alluvium as Varanasi Older Alluvium (VOA). The Newer Alluvium 
has been sub divided into Gomti Terrace Alluvium and Gomti 
Recent Alluvium. The geomorphic units have been used along 
with lithology as stratigraphic indicators for mapping the 
formational units. An interpretation of geological and 
geomorphological units attemtped from the TM FCC imagery 
(Fig. 12) as image characteristics are presented in Table 7. 
A generalized sequence of the lithostratigraphic (geological) 
units along with lithology and associated geomorphic units is 
presented in Table 8 and 9. 
Geomorphologically, the terrain has been classified 
into three major landforras as follows (Khan et al^ . , 1992):-
i) Varanasi Older Alluvial Plain: 
This plain is the flattish sprawling, oldest and highest 
alluvial surface covering most parts and replete with relict 
trails and strings of palaeochannels, tals, oxbow lakes of 
ancestral degenerated palaeodrainage system. 
ii) Gomti Older Flood Plain: 
This plain comprises two terrace levels. The higher 
level terrace level (Ta) is of erosional nature over Varanasi 
Older Alluvium and the younger (lower) terrace (Ta.) is patchy 
and lenticular. 
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Table 7 Image Characteristics 
Geomorphological Dnits in TM 
of Geological and 
FCC, Sultanpur Area. 
I Geology/Geomorphology Image Characteristics 
Newer Alluvixim 
Gomti Recent Alluvium/ 
Gomti Active Flood Plain 
-Point bar 
-Oxbow lake 
Gomti Terrace Alluvium/ 
Gomti Older Flood Plain 
-Palaeochannel/ 
meandering scar 
Older Alluvium 
Varanasi Older Alluvium/ 
Varanasi Older Alluvial Plain 
-White, purplish blue and 
pink (mixed tone), 
(Light tone, linear pattern 
along river channel and 
flood plain, irregular 
shape). 
-White tone (Light tone) 
-Bluish tone (Dark tone) 
-Medium red and Bluish tone 
pinkish and medium red tone 
(Medium to light tone, 
matted texture, irregular 
pattern and shape). 
-Bluish tone (Dark tone) 
-Natural levee 
-Palaeochannel/ 
meandering scar 
•Water body 
-Pinkish , purpl ish and 
white tones ( s a l i n e ) . 
(Medium to l i g h t tone, 
f ine t exu re , i r regular 
p a t t e r n and shape) 
-Pinkish (Medium tone) 
-Greyish with white patches 
( s a l i n e / s o d i c ) , 
(Dark and l i g h t tone) . 
Blue tone (Very dark tone) 
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Table 8 Succession of Sultanpur area (After Iqbaluddin 
e t a l . , 1990). 
Era Geological Formation Lithology Geomorphic Dnit 
; ^ 
! D 
; A 
1 T 
: E 
1 R 
! N 
; A 
; R 
: Y 
Newer 
Alluvium 
Older 
Alluvium 
Gomti Recent Micaceous gray 
Flood Plain 
Formation 
Gomti Older 
Flood Plain 
Formation 
Sultanpur 
Alluvial 
Formation 
sand. 
A cyclic seque-
nce of brownish 
yellow silt and 
gray micaceous 
sand. 
A cyclic seque-
nce of brownish 
silt with sandy 
silt with subo-
rdinate micace-
ous gray sand 
(buried channel) 
A sequence of 
gray/yellow/ 
brown clay/ 
silty clay loam 
/silty loam/ 
loam 
FAIZABAD RIDGE 
(Base not seen) 
Flood plain/ 
Point bar/ 
Channel bar (To) 
Lower Terrace 
(Ti) 
Upper Terrace 
(Ta) 
Vast flat pene-
plain, marked 
by tals cut-off 
meanders, 
palaeochannels 
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Table 9 Generalized Quaternary Li thos t ra t ig raphic and 
Morphostratigraphic Sequence of Sultanpur area (After 
Khan e t a l . , 1990). 
I AGE L i thos t a t i g r a -
I phic un i t s 
Lithology Morphostrati-
graphic units 
H 
O 
L 
0 
C 
E 
N 
E 
Gomti Recent 
Alluviura 
Gomti Terrace 
Alluviura 
Grey, micaceous medium 
to fine grained point 
bar/channel bar sands 
and over bank silts 
(5m) 
Multiple fill, cyclic 
sequence of grey mica-
ceous, medium to fine 
sands, silt and clays 
(5-lOra) 
Disconformity 
Middle Vanarasi 
to Older 
Upper Alluvium 
Pleis-
tocene 
Banda Older 
Alluvium 
Polycyclic sequence of 
yellowish, brownish, 
silt and clays with 
frequent kankar dessi-
rainations and grey, 
brownish sands with 
occasional interbeds 
of calcareous sand-
stone and grits (expo-
sed thickness: 5-20ra) 
Gravelly coarse grai-
ned quartzofelspathic 
sand grits with litho-
clas of charts jaspar 
variegated clays total 
thickness 220ro approx. 
Gomti Active 
Flood Plain 
Gomti Older 
Flood Plain 
Varanasi Older 
Alluvial Plain 
Not exposed 
and Subsurface 
occurrence 
inferred from 
CGWB borehole 
record 
DNCONFORMITY 
Bundelkhand Grainite/Vindhyan (Basement concealed 
interpreted from Geophysical Surveys) 
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iii) Gomti Active (Recent) Flood Plain: 
The plain has abundance of point bars and channel bars, 
restricted to the present day bank lines of meandering Gomti. 
Environmental hazards observed in the area include soil 
alkalinisation/salinisation, seasonal water-logging, badland 
formation and bank erosion, mainly confined to Varanasi Older 
Alluvium and annual/periodic flooding of Gomti terraces. 
4.5. HYDROGEOLOGY: 
4.5.1. Occurance of Ground Water: 
The ground water occurs under the water-table and in 
confined aquifers at shallow and deeper levels. In shallow 
aquifers, the ground water occurs under the water-table 
conditions and in deeper aquifers it occurs under semi-
confined to confined conditions. 
Three aquifer zones have been identified by the Central 
Ground Water Board in the region. They are (Fig. 13):-
1. The shallow aquifer, upto 15 m below ground level (b.g.l). 
2. The middle level aquifer (semi-confined) between 
10-70 m b.g.l. 
3. The deep aquifer (confined) at a depth greater than 
100 in b.g.l. 
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The main source of ground water in the area can be 
attributed to :-
1. Seasonal precipitation 
2. Recharge when the streams are in spate 
3. Seepage from the network of canal system 
4. Return seepage from irrigation 
5. Lateral inflow from adjacent areas 
About 273 well observation stations were established 
under NRDMS, DST project, A.M.U. Aligarh on grid basis at 
intervals of 2'30" longitude and 2'30" latitude. Measures of 
water level were obtained in the premonsoon period of 1987. 
4.5.2. Depth to Water Level Map: 
The map of depth to water level below ground level shows 
an isotropic distribution in the vertical and horizontal 
spread of sand bodies within the Quaternary alluvia (Fig.14). 
The contour patterns show higher values (range 8-10 m 
b.g.l.) along the Goroti river becoming gradually shallower 
away from it. The water level is shallower in the southern 
and northern parts of the area (<4 m b.g.l.) in the Sai and 
Majhoi sub-basins which flank the Goroti sub-basin. 
Ground water quality is poor (saline) in shallow water-
table area. 
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Chapter V 
APPLICATION OF REMOTE SENSING TO THE STUDY OF SOILS 
OF SDLTANPDR AREA 
5.1. REMOTE SENSING: 
Remote Sensing is a science of getting information about 
an object without direct physical contact. It involves 
recording and analysis of electromagnetic radiation (EMR) 
emitted or reflected by the object. 
The EMR is a dynamic form of energy which is propagated 
as electromagnetic waves (EMW). The EMW travel at the 
velocity of light (c = 3x10® m/s), and consist of sinusoidal 
electric (E) and magnetic (M) vectors (Fig. 15A) . 
The EMR equation is c=>r 
where 
c= velocity, r= frequency and >= wavelength . 
The electromagnetic radiation is divisible into various 
zones each characterized by specific wavelength (Fig. 15B). 
The most prevalent unit to measure EMR is the micron 
(pm = 10-** m) . 
The electromagnetic spectrum of wavelengths from 0.3 pm 
to one meter are used in remote sensing which include 
ultravoilet (0.3 - 0.4 jua), visible (0.4 -0.7 pm) , near-
infrared (0.7 - 1.13 ,um), middle-IR (1.3 - 3 ;ura) , thermal-IR 
Dfc iTic fitiii 
D i i i j i i c c 
. luccMJive »ya.» ycjki) 
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(beyond 3 }im) and microwave (Imro - Im) . The visible portion 
is generally referred to blue (0.4 -0,5 ;im), green (0.5 - 0.6 
jjia) and red (0.6-0.7 /irn) . 
5.2. SPACE DATA DSED IN PRESENT STDDIES: 
The data of Space Born Platforms were used in the present 
study. The space born platforms are divided into three 
classes depending upon the nature of their orbit, 
i) Satellite with general orbit, ii) High altitude 
Geostationary orbit and iii) Low altitude near Polar 
Sun-Synchronous orbit. 
The data of LANDSAT-5 (TM) and IRS-lB (LISS-II) of low 
altitude near Polar Sun-Synchronous orbit were used. The 
details of these satellites are presented in Table 10. The 
LANDSAT TM and IRS spectral bands and their applications are 
presented in Table 11. 
5.3. REMOTE SENSING APPLICATIONS IN SOIL STDDIES: 
The application of remote sensing in the study of soils 
depends on their reflection and emission of radiation. The 
reflectance and radiation of soils are affected by the 
chemical and physical parameters related to the soil forming 
factors (Colwell, 1983). Some of the factors affecting soil 
reflectance are moisture content, soil texture (proportion 
of sand, silt and clay), surface roughness, presence of iron 
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Table 10 Details of LANDSAT-5 (TM) and IRS-IB (LISS-II). 
1 SATELLITE 
;CHARACTERISTICS 
! LANDSAT - 5 IRS - IB 
Altitude 
Date of launch 
Equator crossing time 
Sensors 
Spectral bands in 
(microns) 
!705 km. 
1st MARCH 1984 
11 .00 A.M. 
TM 
BANDS 
1 
2 
3 
4 
5 
6 
7 
0.45-0.52 
0.52-0.60 
0.63-0.69 
0.76-0.90 
1.55-1.75 
(B) 
(G> 
(R) 
(NIR) 
(MIR) 
10.40-12.50(TIR) 
2.08-2.35 (MIR) 
904 km. 
29th AUGUST 1991 
10.00 A.M. 
LISS-II 
BANDS 
1 0.45-0.52 (B) 
2 0.52-0.59 (G) 
3 0.62-0.68 (R) 
4 0.77-0.86 (NIR) 
Spatial resolution 
Temporal resolution 
Radiometric resolution 
Number of pixels/line 
Field of view 
Ground swath 
I Bands 1 to 4&7 30m 136.25 m 
!Band 6 120 ro 
116 days 
255 levels 
!6167 
11.56° 
185 km. 
22 days 
128 levels 
4096 
40.1* 
145.48 km. 
LISS = Linear Imaging Self Scanning System 
TM = Thematic Mapper 
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Table H LANDSAT TM and IRS Spectral Bands and their 
applications. 
Principle Applications I Band Wavelength 
I (;ani) ; 
+ + 
LANDSAT THEMATIC MAPPER (TM) 
1 0.45 - 0.52 
(Blue) 
0.52 - 0.60 
(Green) 
3 0.63 - 0.69 
(Red) 
4 0.76 - 0.90 
(Near-IR) 
5 1.55 - 1.75 
(Mid-IR) 
6 10.4 - 12.5 
(Therioal) 
7 2.08 - 2.35 
(Mid-IR) 
Good water penetration, strong 
vegetation absorbance. 
Strong vegetation reflectance. 
Very strong vegetation absorbance. 
High land/water contrast, very strong 
vegetation reflectance. 
Very sensitive to moisture. 
Very sensitive to soil moisture and 
vegetation. 
Good geological discrimination 
INDIAN REMOTE SENSING SATELLITE (IRS) 
1 0.45 - 0.52 
(Blue) 
0.52 - 0.59 
(Green) 
0.62 - 0.68 
(Red) 
0.77 - 0.86 
(Near-IR) 
Sensitivity to sedimentation, decid-
uous coniferous forest cover discri-
mination. 
Green reflectance of healthy 
vegetations. 
Sensitive to chlorophyll absorption 
by vegetation differentiation of soil 
and geological boundaries. 
Sensitive to green bioraaas and 
moisture in vegetation. 
+ + 
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oxides, and organic matter content (Lillesand and Kiffer, 
1987). The spectral properties of soils are useful in their 
identification and characterization <Obukhov and Orlov, 1964; 
Bauer, et aj,. , 1978; Colwell, 1983). 
Saxena et aj^. (1991) suggested that salt affected soils 
are sharply depicted by light and dark mixed tone on band 3 
on LANDSAT TM FCC. Flood plain and water logged soils are 
clearly observed on band 4 while band 6 helps in separation 
of broad zones of coarse and fine textured soils, active 
flood plain of rivers, and eroded and gullied lands. 
Accuracy of soil classification depends on many indirect 
as well as direct observations. Indirect factors may be 
observed from remotely sensed data whereas direct factors are 
collected through ground survey and laboratory work. 
The soil maps were generated from space data using 
following techniques: 
5.3.1. Visual Interpretation: 
The information of soil was extracted using the LANDSAT 
TM FCC, Bands 2,3,4 (Plate 1). The FCC was scanned by 
Dynascan and thematic interpretation was carried out using 
photo elements and geotechnical elements as interpretational 
keys. Various soil types were mapped (Fig. 16) on the basis 
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of tone, texture, association and pattern of soil patches/ 
boundaries, using interpretational keys as recognition guides 
(Anon, 1981; Coiwell, 1983; Saxena et aj^. , 1991). The 
interpreted soil informations were transferred on the base 
map prepared from the Survey of India toposheets on 1:250000 
scale. The interpretational keys of soils are given in 
Tables 12 & 13. The soil types of Sultanpur area have been 
discribed in chapter VI. 
Table 12 Recognition keys of soil types with U.S. Taxonomy 
classes, Sultanpur area (After Coiwell, 1983). 
+ •^ 
Soil Type Recognition Keys U.S. Taxonomy Class, 
+ 
Saline-alkali Light tones, rough 'Salic' Great Group, 
soils (S) texture, the soil 
boundaries are irre-
gular and sharp. 
Sandy soils Light tone, rough Psaraments and 
(Sa) texture, linear pattern Spodosola 
along river channel 
and flood plain, bound-
aries are blurred. 
Cleyey soils Dark uniform tone, Vertisols 
(B) smooth texture, 
associated with 
pa1aeochanne1s. 
Normal soils Medium tone, smooth Typic/Aeric, 
(N) texture,matted pattern, Ochraqualfs, 
the boundaries are Typic/Udic, 
gradational, landuse Dstochrepts, 
is mostly agricultural Typic Ustifluvents. 
activity and vegetation 
cover. These soils are 
associated with Older 
and Newer Alluvium. 
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Table 13 Image characteristics of soils in TM FCC (Sultanpur) 
Soil Type Map 
Dnit 
Image Characteristics 
Saline-alkaline Soils (S) 
1. <25 % area affected by 
salinity/alkalinity 
2. 25-50% area affected 
by salinity/alkalinity 
3. >50 % area affected by 
salinity/alkalinity 
Sandy Soils 
Clayey Soils 
Normal Soils (N) 
1. Normal soils of 
Newer Alluvium 
2. Normal soils of 
Older Alluvium 
So. 
Sa 
S3 
Sa 
B 
Nx 
Na 
-Purplish tone with patches 
of white tone (saline) 
-Purplish and white tone, 
small patches of greyish 
with white tone (saline) 
-White (Saline) 
-White, purplish blue, pink 
(mixed tone) 
-Greyish tone 
- P i n k i s h and mediiira red 
-Pinkish and Purplish 
smooth texture 
5.3.2. Digital Image Processing: 
Digital image processing involves the manipulation and 
interpretation of digital images with the aid of a computer. 
The image data in digital form without the significant loss 
of radiometric details may be stored in computer compatible 
tape (CCT) and floppy. Digital image processing and analysis 
of CCT and floppy involve three steps, viz. image 
restoration, image enhancement and image classification. 
The IRS LISS II A2 data (stored in floppy) of Bands 
1,2,3,4, covering parts of Sultanpur district (Fig. 17) were 
used for digital imago processing. This job was done on the 
HCL-ISROVISION PC AT Busybee 386 Computer System at Remote 
Sensing Applications Centre for Resource Evaluation and 
Geoengineering (RSACREG), A.M.U., Aligarh. The system uses 
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SACIMAGE digital image processing software for analysis of 
the digital IRS data. The following techniques were followed: 
Image Enhancement: 
Image enhancement involves techniques for increasing the 
visual distinction between features in a scene. The objective 
IS to create a new inage from the original image data m 
order to increase the amount of information that can be 
extracted from the data. The enhanced images can be displayed 
interactively on a monitor or they can be recorded m a hard 
copy format, either in black and white or in colour. The 
linear stretching, histogram equalization and local filtering 
programs were used in image enhancement (Gonzalez, 1987). The 
enhancement technique used in the present study have been 
discribed in brief and the interpretational aspects have been 
discussed. 
Contrast Stretching: 
The contrast stretching which expand the pixel values so 
that they can be displayed over a full range of gray values. 
The range of image values has been uniformly expanded. This 
uniform expansion is called a linear stretch (Lillisand and 
Kiffer, 1987). The linear stretching of digital data of the 
area was done. For example, IRS band 1 data was enhanced 
(Plates 2 and 3). Original histogram (Plate 2) shows the 
gray levels before stretching and the equalized histogram 
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Plate 2 Original histogram of IRS band 1 data, shows the 
number of pixels that correspond to each DN. The histogram 
has a range of DNs (Gray levels) from 41 to 84, which 
utilizes only 17% of the available brightness range 
(84-41/256=16.8%). This range of brightness values accounts 
for the low contrast ratio of the original image. 
Plate 3 Equalized histogram of IRS band 1 data, shows number 
of pixels for extreme black and extreme white. The lower 
pixels (DN <41) are assigned to black, or DN=0, and the upper 
(DN >84) are assigned to white or DN=255. The remaining pixel 
values are distributed linearly as shown in this histogram 
and in enhanced image of IRS band 1 (plate 4). 
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Plate 4 Enhanced Image of IRS band I data: The enhanced 
image of IRS band 1 data has 512 x 512 pixels with maximum 
DN=256. The white tone show the saline/ alkaline areas. 
Large patches of white tone are of S3 soil unit ( >50% area 
affected by salinity), patches of white to medium grey tone 
are of the Sa soil unit (25-50% area affected by salinity) 
and patches of medium grey with white tone are of Sa. soil 
unit (<25% area affected by salinity). Medium grey to dark 
grey tone indicate cultivation/vegetation covering the normal 
soil and black spots indicate water-body. 
The image shows DN = 180 at X = 305 & Y = 174 for S3 soil 
unit, DN = 168 at X = 469 & Y = 373 for Sa soil unit, DN=131 at 
X = 482 6c Y = 248 for Si soil unit, DN = 62 at X = 213 & Y=263 for 
normal soil (Na unit) and DN=12 at X=227 & Y=227 for water-
body. DN values of S3 and water-bodies show greater contrast 
between light and dark coloured objects in the image. Thus 
the IRS band 1 image was found useful for soil mapping. 
Plate 5 Enhanced Image of IRS band 2 data: This image 
is very similar to image of band 1 (Plate 4), with only 
DN values of objects slightly changed. 
Similarly, On the same X & Y coordinates, this image 
shows DN = 185 for S3 soil unit, DN = 172 for Sa soil unit, 
DN = 134 for So. soil unit, DN = 70 for Na soil unit and DN = 19 for 
water-body. The DN values of the Na soil unit with vegetation 
cover are increased indicating sensivity with respect to 
vegetation. 
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(Plate 3) shows the gray value after stretching. The 
following images (Plates 4, 5, 6 & 7) were prepared by this 
technique:-
i) Single Band Imageries: 
Image of single band is black and white. Single band 
imageries of IRS band 1 (0.45-0.52 ;um) , band 2 (0.52-0.59 
;ura) , band 3 (0.62-0.68 ;iia) and band 4 (0.77-0.86 ;ura) were 
prepared by linear stretch technique (Plates 4, 5, 6 and 7). 
The image of IRS band 1 is useful to detect information 
about sedimentation, deciduous/conifers forest cover 
discrimination. The image of IRS band 2 is useful for 
assessment of healthy vegetation. The image of IRS band 3 is 
useful for study of chlorophyll content in vegetation, 
differentiation of soil and geological boundaries. The image 
of IRS band 4 is suitable to detect information about green 
biomass and moisture in vegetation. Single band images of IRS 
band 1, 3 and 4 are suitable for soil studies. 
ii) False Colour Composite (FCC): 
The single band (black and white) imageries have 
limitations for eyes to detect all shades of grey from it. 
Therefore preparation of FCC is necessary. There is a 
choice for combination of any 3 bands to generate FCC. We can 
select any combination out of the four bands of IRS. FCC' s 
of different IRS band combinations were used to prepare hard 
copies (Plates 8 and 9). 
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Plate 6 Enhanced Imago of IRS band 3 data: This image is 
also similar to the imago of band 1 (Pi.4) but DN values for 
white Si black objects are changed. 
The S3 soil unit has DN=189, 82 soil unit has DN=188, Si 
soil unit has DN = 142, N2 soil unit has DN=90 and water-body 
has DN=14, on the similar X & Y coordinates as given in Pi.4. 
This shows that DN value of white object increases (DN=189 
for S3) whereas the DN value of black object decreases (DN=14 
for water). Thus these images have greater contrast as 
compared to IRS band 2 image (Pi. 5). Therefore the soil 
features can more easily be identified on this image. 
Plate 7 Enhanced Image of IRS band 4 data: This image has 
low contrast because difference of DN values of objects is 
not much but are sensitive to moisture in the soil and to the 
vegetation. 
Similarly on the same X & Y coordinates, the image shows 
DN=214 for S3 soil unit, DN=209 for 83 soil unit, DN=180 for 
Si. soil unit, DN = 145 for Na soil unit and DN = 75 for water-
body. The values show that DN of moist soil (saline-alkali) 
and vegetation cover (Na soil unit) are increased. The 
saline-alkaline soils though have maximum reflectance on this 
type of image but the soil boundaries are not so clear due to 
less contrast. 
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Plate 8 FCC of IRS bands 431 (Stretch): This FCC is prepared 
by combination of IRS bands 4,3,1 (Stretch). The FCC gives 
better information about different features, like, saline-
alkaline soils, normal soils (vegetation cover/ cultivated 
land), water-bodies, etc. In this image white tone indicates 
salinity/alkalinity. Large patches of white tone are of S3 
soil unit, patches of white with medium red tone are of 82 
soil unit and medium red with white tone is of Si soil unit. 
Red and medium red tone is of vegetation cover/cultivated 
area (normal soils) and dark red tone is of forest/orchards. 
Grey tone is of water-logged area (wet soil), light grey tone 
is of clayey soil and dark black-red spots are of water 
bodies/ponds. This FCC is suitable for soil mapping. 
Plate 9 FCC of Bands 123 (Stretch): This FCC has combination 
of IRS bands 1,2,3 (Stretch). In this image soil boundaries 
and other features are very clear. The saline-alkaline soils 
have light tone, cultivated land/ vegetation cover area 
(normal soil) has medium tone and water-bodies/ponds have 
black spots. Roads and drains are also clear which have dark 
tone on this image. This FCC is very suitable for soil 
mapping. 
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Spectral Reflectance: 
An image may be described in strictly numerical terns on 
a three coordinates system with X and Y locating each 
picture element (pixel) and Z giving the DN (digital number). 
A digital number records the intensity of electromagnetic 
energy (Sabins, 1987). 
The spectral reflectance of the soil samples of Amethi-
Gauriganj area and associated water body were analysed for 
band selection exercise. The X-Y and Z coordinates of the 
samples were determined and were subjected to linear 
stretching. The DN values for bands 1, 2, 3 & 4 for the 
sample area have been presented in Table 14. 
Table 14 DN values of soil samples and water-body on 
IRS data, Sultanpur area. 
Map Sample 
Unit No. 
So. SPi-Ai 
Sa SP2-A1 
S3 SS04 
Sa SS03 
Si SS06 
Na SS05 
Water-body 
Dn=Digital 
Coord 
X 
482 
469 
305 
370 
195 
213 
227 
inates 
Y 
248 
373 
174 
404 
119 
263 
227 
Number 
Or 
Bl 
64 
70 
72 
56 
58 
53 
45 
iqinal data 
B2 
47 
53 
55 
41 
42 
37 
28 
B3 
57 
66 
67 
48 
51 
44 
38 
B4 
65 
69 
71 
56 
61 
59 
47 
Enhanced data I 
Bl 
131 
168 
180 
81 
106 
62 
12 
B=band 
B2 
134 
172 
185 
96 
70 
70 
19 
B3 
142 
188 
189 
99 
113 
90 
14 
B4; 
1 
180: 
209: 
214; 
127; 
156: 
145; 
75; 
1 
1 
The DN values on original data of IRS bands 1,2,3,4 
show that the reflectance of soil increases with salinity/ 
alkalinity because S3 soil (>50% salinity/alkalinity) gives 
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Reflectance measurements, 
Soils of Sultanpur area. 
Dn value 
F i g . 18 
0.45-0.62 0.52-0.59 0.62-0.66 0.77-0.88 
Wavelength ^microns} of IKS Bands 
- SI BoU —t— S2 BoU - * - S3 soil - B - H2 soil - * < - WaUr 
DN values (IRS enhanced data) 
Soils of Sultanpur area. 
n 
260 Dn value 
200 -
100 -
loa -
F i g . 19 
0.45-0.62 0.52-0.59 0.62-0.68 0.77-0.88 
Wavelength (^microns) of IKS Bands 
- SI BoU —•— S2 soil - * - S3 BoU -^~ N2 BOU -^*- WaUr 
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maximum DN values. Normal soil (Nz) has medium reflectance 
whereas water-body has low reflectance. These objects have 
maximum reflectance on bands 1, 3 & 4. (Table 14 & Fig. 18). 
The DN values on enhanced data of IRS bands 1,2,3,4 show 
that the lighter object becomes lighter and darker object 
becomes darker. There is maximum reflectance of S3 soil and 
minimum reflectance is of water-body (Table 14 & Fig. 19). 
In enhanced data sharpness of black and white objects is 
more. Thus different soil types can easily be identified on 
enhanced data. 
5.4. APPLICATIONS OF REMOTE SENSING IN SALINE-ALKALINE SOILS 
OF THE AREA: 
The satellite remote sensing is an important tool in 
soil mapping and monitoring of land degradation. The saline-
alkaline soils are sharply depicted by light and dark mixed 
tone on band 3 in LANDSAT TM FCC (Plate I). The soils of 
Sultanpur area are placed into three types (domains) Si, Sa 
and S3 on the basis of area affected by salinity /alkalinity 
(Figs. 16, 36; Table 16). The interpretational keys for these 
soils were established and are presented in Tables 12 & 13. 
On IRS data, the saline-alkaline soils are depicted by light 
and medium grey tone on band 1 & 3 (Plates 4 & 6). The 
boundaries of these soils are sharp on IRS FCC's (Pis. 8&9). 
Representative samples of the saline-alkaline soils of 
the area were collected for study from various localities 
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from surface as well as from profile horizons (Fig. 34 and 
Appendices I & IV) . Various physical and chemical properties 
were determined (Tables 17,18,19,20). The aerial extent, 
physical characteristics and mineralogical composition of 
these soils have been described in chapter VI, and their 
geochemistry and genesis have been described in chapter VII. 
The reflectance and radiation of the soils are affected 
by the chemical and physical characteristics reflecting the 
soil forming factors, relief and climate (Colwell, 1983). 
The reflectance was determined on IRS bands (Fig. 18). The DN 
values and X-Y coordinates of some surface samples were 
determined on IRS original data and enhanced data at bands 
1,2,3,4 (Table 14). Correlation of physico-chemical 
properties with DN values of the original data (IRS bands 1, 
2, 3 & 4) was carried out to make a training set for above 
study. 
IMPORTANT FACTORS INFLDENCING REFLECTANCE OF SALINE-ALKALINE 
SOILS: 
5.4.1. Soil Colour: 
The most important factors influencing soil colour are 
physico-chemical properties of soil. Surface soil colour is 
usually an indication of the processes involved in soil 
formation and may also be indicative of other factors such as 
soluble salts (Myers et^  al. , 1963). The brightness of colour 
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is increased with salt content. Thus brightness of soil 
colour in the area is positively correlated with spectral 
reflectance (Fig. 20) and shows maximum reflectance on IRS 
bands 1, 3 & 4. The visible red (IRS band 3) and near infra-
red (IRS band 4) regions are the most favourable for 
qualitative and quantitative description of soils (Obukhov 
and Orlov, 1964). 
5.4.2. Texture: 
Texture of soil is governed by the particle size (sand, 
silt & clay) which influences reflectance of soil. According 
to da Costa (1979), clay and sand are negatively correlated 
with reflectance while silt and pure sand are positively 
correlated with reflectance. But in the case of saline-
alkaline soils of study area, reflectance increases with clay 
content (Fig. 21), the latter decreases permeability and 
leaching in soils. Thus the salt accumulations on the surface 
increase the reflectance. The reflectance is maximum on IRS 
bands 1, 3 & 4. 
5.4.3. The pH, EC, CEC and ESP: 
The pH (hydrogen ion concentration) value in the saline-
alkaline soils of Sultanpur area is, generally,more than 8.5. 
It shows positive correlation with the reflectance (Fig. 22). 
The EC (electrical conductivity) increases the salinity 
in the soil imparting white tone. Therefore EC in saline-
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alkaline soils is positively correlated with the reflectance 
(Fig. 23). 
The CEC (cation exchange capacity) is controlled by the 
clay content which gives negative correlation with the 
reflectance (Gerberman and Neher, 1979). But in the case of 
saline-alkaline soils of the area, CEC gives positive 
correlation with reflectance (Fig. 24). This is because the 
clay content increases the salinity/alkalinity thereby 
increasing the CEC also. 
The ESP (exchangeable sodium percentage) is generally 
high in saline-alkaline soils, indicating high sodicity. It 
shows positive correlation with the reflectance (Fig. 25). 
These properties (pH, EC, CEC & ESP) related to salinity 
and alkalinity, give maximum reflectance on IPS bands 1,3,4. 
5.4.4. Chemical and mineralogical composition: 
The chemical elements in soil occur in the form of 
minerals. The minerals of carbonate, sulphate, nitrate and 
silicate families can be detected by infra red remote sensor 
(Coblentz, 1962). 
The saline-alkaline soils of Sultanpur have various 
lighter and heavier minerals (chap. 6.5) comprising various 
chemical constituents. The geochemistry of these soils have 
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been described in chap. 7.1. The correlations of some major 
element oxides with reflectance are described in the 
following paragraphs: 
The SiOz (silica) in saline-alkaline soils of Sultanpur 
is negatively correlated whereas AI2O3 (alumina) is 
positively correlated with the reflectance (Figs. 26 & 27). 
Because SiOa is decreased whereas AI2O3 is increased with 
salinity/ alkalinity, therefore the saline/alkaline soils 
have maximum reflectance in IRS bands 1, 3 & 4. 
Iron and sodium contents are reported to show positive 
correlation whereas calcium, magnesium and potassium show 
negative correlation with the reflectance (da Costa, 1979). 
In the saline-alkaline soils of Sultanpur area, FeaOa (ferric 
oxide), NaaO (sodium oxide) and MnO (manganese oxide) are 
positively correlated with the reflectance (Figs. 28, 31 & 
33), whereas CaO (calciiam oxide), MgO (magnesium oxide) and 
K2O (potassium oxide) are negatively correlated with 
reflectance (Figs. 29, 30 & 32). 
It is concluded from the study that physico-chemical 
characteristics of soils can be detected by remote sensors. 
The sensors of IRS bands 1,3 & 4 were found useful for soil 
studies. The IRS bands 1 & 3 were used for soil mapping 
whereas bands 1, 3 & 4 were used for computing their physico-
chemical properties. 
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Rela t ion of Colour / DN (IRS) 
Saline —alkaline sails, Sultanpur area. 
Dn value 
F i g . 20 
Bright grey Yelloirish grey Light grey YeUowifih brown Light brown 
Colours 
- ^ - Band 1 ~ + - Band 2 - * " Band 3 - B " Band 4 
Rela t ion of T e x t u r e / DN (IRS) 
Saline—alkaline soils, Sultanpur area. 
Dn value 
Clay loam 
F i g . 21 
Clay loam Silty—clay loam Silty-clay loam Sill loaxa 
Textural classes 
Band I —^ Band 2 - * - Band 3 " S - Band 4 
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Rela t ion of pH / DhT (IRS d a t a ) 
Saline—alkaline soils, Sultanpur area. 
Dn value 
F i g . 22 
8.60 
Band 1 
8.90 9.48 9.65 10.20 
pH va lue 
- Band 2 - * - Band 3 -&- Band 4 
Rela t ion of EC / DN" (IRS d a t a ) 
Saline—alkaline soils, Sultanpur area. 
Dn veQue 
F i g . 23 
.80 .66 0.92 3.83 12.50 
EC Cnimhos/cm) 
-^ Band 1 -;_ Band 2 -*- Band 3 -e- Band 4 
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R e l a t i o n of CEC / DN (IRS) 
Saline—alkaline soils, Sultanpur area. 
Dn value 
F i g . 24 
10.63 11.65 14.15 16.&A 
CEC Cmea/lOO gm) 
Band 1 -+— Band 2 -*- Band 3 
25.21 
Band 4 J 
R e l a t i o n of ESP / DN (IRS) 
Saline—alkaline soils, Sultanpur area. 
Da value 
F i g . 25 
38.41 42.40 
— B a n d 1 -+-
63.08 47.35 
ESP v a l u e 
Band 2 - * - B a n d 3 
67.55 
Band 4 
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R e l a t i o n of Si02 / DW (IRS) 
Saline —alkaline soils, Sultanpur area. 
Dn value 
48.84 51.83 64.08 63.18 
S102 (%) 
Band 1 -4— Band 2 -HK- Band 3 
63.06 
F i g . 26 
R e l a t i o n of A1203 / DN (IRS) 
Saline—alkaline soils, Sultanpur area. 
Dn value 
10.41 
Band 1 
11.46 12.67 13.05 
A1203 [%) 
+_ Band 2 _*_ Band 3 
13.80 
Band 4 
F i g . 27 
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Rela t ion of F e 2 0 3 / DN (IRS) 
Saline—alkaline soils, Sultanpur area. 
Dn value 
1.34 
F i g . 28 
Band 1 
a65 3.13 3.15 4.88 
re203 [%) 
- Band 2 -*- Band 3 -a~ Band 4 
Rela t ion of CaO / DN (IRS) 
Saline—alkaline soils, Sultanpur area. 
Dn vedue 
F i g . 29 
...liiitiL i.aaM 
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R e l a t i o n of MgO / DN (IRS) 
Saline —alkaline soils, Sultanpur area. 
0.31 0.33 0.46 0.48 
F i g . 30 
0.42 
mo c%) 
Band 1 -4— Band 2 -*- Band 3 - B - Band 4 
R e l a t i o n of N a 2 0 / DN (IRS) 
Saline—alkaline soils, Sultanpur area. 
i 0 2 
R e l a t i o n of K20 / DN (IRS) 
Saline —alkaline soils, Sultanpur area. 
Dn value 
76 F 
1.42 2.23 2.68 2.86 
Band 1 
K2D [%} 
4— Ba-nd 2 _*_ Band 3 
23.32 
Band 4 
F i g . 32 
R e l a t i o n of MnO / DN (IRS) 
Saline —alkaline soils, Sultanpur area. 
Dn value 
F i g . 33 
0.013 0.018 
Band 1 
0.029 0.021 
MnO C%} 
Band 2 - * - Band 3 
0.036 
Band 4 
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Chapter VI 
THE SOILS OF SDLTANPUR AREA 
The soils of Sultanpur area are alluvial and have been 
deposited by Ganga, Ghaghra and Gomti river systems. Soils 
were found as a result of sedimentation and landscape 
evolution during the Quaternary period. 
The area was mapped for the soils using TM FCC imagery. 
The four major soil types, viz. i) Saline-alkaline soils 
(Si, Sa & S3), ii) Sandy soils (Sa), iii) Clayey soils (B) 
and iv) Normal soils (Na. & Na) were demarcated 
(see Fig. 16; Tables 12 & 13). 
Selective field checks were carried out and 
represetative samples from each soil type were collected 
(Fig. 34 and Appendices I & II). Their grain size was 
analysed to find out their texture (Appendix III) 
6.1. TEXTORE OF SDRFACE SOIL: 
Texturally, the soils of Sultanpur district can be 
grouped into four categories - a) Coarse-textured, 
b) Moderately coarse-textured, c) Medium-textured and 
d> Fine-textured (Fig. 35). Image interpretation was 
successfully carried out to determine aerial variation of 
grain size on the soil map (Fig. 16 & Appendix III). 
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The soil is predominantly medium to fine textured. The 
description of the textural types is given in the following 
paragraphs:-
6.1.1. Coarse-Textured Soils (Sa): 
The coarse textured or sandy soils are found to occur as 
a belt along the Gomti river. Geologically it represents the 
Newer Alluvium and geomorphologically covers the Flood Plain 
of the Gomti as evidenced from the inferred terrace (T© and 
Ti) zones (Fig. 12). The erosion of upland soils by newly 
formed streams of subsequently developed drainage system 
produced soils with low calcium and clay contents, which may 
be ascribed to excessive leaching. 
The soils, generally, have light grey, light brown to 
reddish brown colour and sandy texture. Their compaction is 
low and permeability is high. They are generally loamy sand 
(78.8% sand, 14.3% silt and 6.9% clay) (Appendix III). The 
clay content varies from 0 to 20% in the coarse-textured 
members. 
6.1.2. Moderately Coarse-Textured Soils (Ni): 
These soils occupy the Older Flood Plain of Gomti 
(Ta Terrace Zone). They are members of Newer Alluvium. The 
soils are normal, well drained and well leached and are 
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easily cultivable. Their colour varies from brown to reddish 
brown and their clay content increases with depth. They are 
coarse loamy in texture. The calcium kankars and the nodules 
of iron and manganese are lacking in the sub-soil. The 
average composition is 65.4% sand, 19.0% silt and 15.6% clay 
(sandy loam) (Appendix III). 
6.1.3. Medium-Textured Soils (Na): 
The medium textured soils form the Older Alluvixim and 
occupy the Older Alluvial Plain and levees along the Gomti 
river. These are the normal soils, are well drained and 
leached and easily cultivable. Their colour varies from 
yellow to dark brown. Their clay content increases with 
depth. The soil is generally loamy with small nodules of iron 
and manganese developed in the sub-soil. Occassionally, 
calciuD concretions too are found in the sub-soil. The 
compaction and permeability of these soils are moderate and 
salinity and alkalinity are low. The clay content varies from 
7 to 27% and the general composition is 34% sand, 42.2% silt 
and 23.8% clay (loam) (Appendix III). 
6.1.4. Fine-Textured Soils (B, Si, Sa, S3): 
The fine-textured soils overlie clayey and saline-alkali 
soils. Geologically, they represent Older Alluvium. The 
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soils occupy the low-lying areas with poor drainage, water-
logging conditions and abundant kankars in the sub-soil. 
Extensive saline/alkali patches are observed on the surface 
as saline efflorescent (reh). Their clay content decreases 
with depth. The nodules of iron and manganese form a thick 
layer of kankar, just below one meter depth in some cases. 
The colour of the soil varies from grey, yellowish grey 
to dark grey, and yellow to brown. They have medium to high 
compaction and develop mud-cracks on drying <Plate 10). They 
have low permeability. They have clayey to silty texture with 
27-55% clay content. They can be differentiated into clay 
(20.7% sand, 38.1% silt and 41.2% clay), clay loam (33.4% 
sand, 31.6% silt and 35.0% clay), silty clay loam (19.2% 
sand, 51.1% silt and 30.7% clay) and silt loam (29.5% sand, 
51.2% silt and 19.3% clay) (Appendix III). 
6.2. SALINE AND ALKALINE SOILS (Sa., Sa, S3): 
The saline and alkali soils, also referred to as 'reh' 
or usar locally, were placed under solonchak or solonetz in 
the genetic system of soil classification as in the O.S.S.R. 
and O.S.A. They were subdivided into three distinct classes-
saline, sodic and saline-sodic, on the basis of chemical 
parameters. The equivalent local names are given in Table 15. 
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Plate 10 
A field scene (near Parsawan village, Amethi 
tahsil, Sultanpur district) showing inudcracks due 
to drying of high clay soil. 
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Table 15 Soil classes with equivalent local names 
(After Richards, 1968; Agarwal, 1979). 
+ + 
I Soil class pH EC ESP Local name ! 
! mmhos I 
I / c m I 
+ + 
Saline <8.5 >4 <15 Khar, Thur, Dippu, 
Shora, Solu, Pokhali 
and Kari. 
Sodic 8.5-10.0 <4 >15 Dsar, Bara, Chopan, 
Rakkar and Karl. 
Saline-sodic >8.5 >4 >15 Dsar, Reh, Kshar, 
Kallar, Kari, Chopan, 
Bari, Jougu and 
Chandu. 
The reh is composed of a mixture of sodium carbonate, 
sulphate and chloride with varying proportions of calcium and 
magnesium salts. It is found as accumulation on the surface 
of alluvial soils where drainage is poor. Such soils are 
unfit for cultivation. The main areas where these soils are 
found are along Sultanpur, Azamgarh, Rae Bareli, Fatehpur, 
Kanpur, Lucknow, Etah and Aligarh districts as a belt froai NW 
to SE (Fig. 1). 
A major part of the Sultanpur district (about 1025 kra^), 
is unfit for agriculture due to excessive soil salinity 
(Fig. 36). The extent and degree of salinity/alkalinity among 
these soils are presented in Table 16. Their physico-chemical 
properties were determined in selected samples (Tables 17, 
18, 19 & 20). 
I l l 
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Table 16 Degree of salinity/alkalinity and extent of the 
affected soil of Sultanpur district. 
+ + 
Degree of Sali- Map Area % of 
nity/Alkalinity Dnit (in km^) total area 
+ + 
Type Sx (<25 % area Si 339 9.0 
affected by salinity) 
Type Sa <<25-50% area Sa 610 13.7 
affected by salinity) 
Type S3 O50 % area S3 76 1.7 
affected by salinity) 
+ + 
Total area of the District = 4436 kin= 1025 24.4 
+ (-
About 24.4% area of Sultanpur district is covered by 
saline and alkali soils. They are mostly fine-textured soils 
with shallow water-table as a result of canal irrigation and 
flat topography (Plate 11). Generally, they are widespread in 
the sub-basins of the Sai and the Majhoi rivers. The saline/ 
alkali soils show an irregular aerial distribution . They 
occur as small irregular areas each riddle with small patches 
of saline soil, which impact different image characteristics 
to them . Thus these soils can be classified according to the 
degree of salinity into Si, Sa & S3 types (domains) 
(Table 16). They are described as follows:-
6.2.1. Type Si: 
It has limited extent only (9.0% area). These soils are 
cultivable. Generally, these are fine-textured soils. They 
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Plate 11 White 'Saline-alkali' spots in a field under 
irrigation near Ramnathpur village (Amethi tahsil, Sultanpur 
district). Upward capillary and evaporation have brought 
up-salt to the surface. 
Plate 12 A large patch of salt-affected land near Parsawan 
village (Amethi tahsil, Sultanpur district). The patch 
shows that land is not cultivable due to salinity/alkalinity 
in soil. 
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Pla te 11 
Pla te 12 
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may be saline or sodic. The alkali content is high where 
palaeochannela have been located. It shows purplish tone with 
patches of white tone on the TM FCC imagery. 
6.2.2. Type Sat 
It is developed to a moderate extent (13.7% area). The 
cultivation is in patches. Generally, these are also fine-
textured soils. They may be saline or sodic or saline-sodic. 
The saline-sodic soils are found mostly where the palaeo-
channels are located. It shows purplish and white tone and 
small patches of greyish with white tone on the imagery. 
6.2.3. Type S3: 
About 1.7% area is covered by these soils. Generally, 
they are saline-alkali soils. It shows white tone on imagery. 
These are not cultivable and form in the fine-textured soils 
(Plate 12). 
6.3. SOIL PROFILES: 
Soil profiles were examined at three sites so selected 
to cover Sxr Sa and S3 types (Fig. 36; Plates 13, 14 and 15). 
The main characteristics of the profiles have been recorded. 
Five soil samples were collected at each sites from different 
horizons (see Table 17, Appendix IV>. 
In all the profile-sections, the texture is mostly fine-
grained. There is abundance of calcium 'kankars' in the sub-
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Plate 13 Photograph of soil profile SPa., from type £i 
(<25% area affected by salinity). Scale of 6" and measuring 
tape used for ground scale. Location: On the north side of 
Tilokpur village (Araethi tahsil, Sultanpur district). The 
morphological details of this profile-section have been 
presented in Appindix IV. 
Plate 14 Photograph of soil profile SPa, from type Sa 
(25-50% area affected by salinity). Scale of 6" and 
measuring tape used for ground scale. Location: On the south-
west side of Jangal Ramnager village (Amethi tahsil, 
Sultanpur district). The morphological details of this 
profile-section have been presented in Appindix IV. 
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Plate 13 
Pla te 14 
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Plate 15 Photograph of soil profile SP3, from type S3 
(>50% area affected by salinity). Scale of 6" and measuring 
tape used for ground scale. Location: On the east side of 
Parsawan village (Amethi tahsil, Sultanpur district). The 
morphological details of this profile-section have been 
presented in Appindix IV. 
Plate 16 Photograph of calcium concretions (kankars) 
which were occured in sub-soil (Profile SP2) below 
103.5 cm depth, near Jangal Raronager village (Amethi tahsil, 
Sultanpur district). 
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Plate 15 
Pla te 16 
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soil. Generally, the clay content increases with depth, as a 
result of which permeability decreases and compaction 
increases downward. Moisture too rises with depth. The 
granules of iron and manganese and concretions of calcium are 
generally, absent in the A horizons. However they occur as 
small concretions in the B horizons. The size of iron and 
manganese nodules is 7 mm and that of concretions (kankars) 
upto 4.2 cm in the C horizons. Pans (layers) of calcium 
kankar are also recorded below 103.5 cm depth in the profile 
section SPa (Plate 16). 
6.4. TEXTDRAL COMPOSITION: 
The textural composition (% sand, silt and clay) of the 
saline-alkaline soils of the area was determined (Table 17). 
The components are distributed as follows;-
6.4.1. Sand: 
The sand particles in the soils Sx, Sa and S3 range 
between 19.2-36.5%, 19.1-33.4% and 18.7-26.8%, respectively. 
Its vertical variation at SPa., SPa and SP3 profiles is 
presented in Fig. 37. The amount of sand particles in the 
soils decreases with salinity/alkalinity and also with depth. 
Thus results in decrease of porosity, permeability and 
leaching of the soils. 
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Table 17 Mechanical analysis of samples from saline-alkaline 
soils, Sultanpur area. 
Type Sample Sand Silt Clay 
No. (%) (%) (%) 
Textural Class 
Surface Soil 
So. 
Sa 
S3 
SSOl 
SS06 
SS18 
SS02 
SS03 
SS09 
SS19 
SS04 
SS12 
SS16 
Soil Profile 
Si SPi-Ai 
" Aa 
" B^ 
" C 
SPa-Ax 
" Aa 
" Bi 
" Ba 
" C 
SPa-Ax 
- Aa 
" Bx 
- Ba 
" C 
29.3 
19.2 
36.5 
33.4 
31.2 
29.5 
19.1 
18.8 
18.7 
26.8 
51.0 
51.1 
31.7 
31.6 
51.5 
51.2 
46.6 
44.4 
45.1 
34.9 
19.7 
30.7 
31.8 
35.0 
17.3 
19.3 
34.3 
36.8 
36.2 
38.3 
34.7 
19.8 
31.1 
19.0 
22.2 
26.5 
19.3 
18.4 
20.5 
21.0 
22.2 
17.5 
21.1 
23.5 
23.2 
34.8 
45.4 
45.0 
39.2 
36.8 
40.5 
42.5 
41.3 
35.0 
35.5 
42.5 
41.5 
51.2 
34.0 
33.1 
30.5 
34.8 
31.9 
41.8 
41.0 
33.3 
38.9 
40.3 
44.5 
43.5 
35.3 
41.0 
27.3 
42.5 
43.7 
Silt loam 
Silty-clay loam 
Clay loam 
Clay loam 
Silt loam 
Silt loam 
Silty-clay loam 
Silty-clay loam 
Silty-clay loam 
Clay loam 
Clay loam 
Silty clay loam 
Clay loam 
Silty clay 
Clay 
Clay loam 
Silty clay loam 
Silty clay 
Clay 
Clay 
Clay loam 
Silty clay 
Silt loam 
Clay 
Clay 
SS = Surface Soil, SP = Soil Profile 
122 
Textural Variation in Profiles 
percelago 
Fig. 37 
Horizons 
Sand KS3 Silt E~3 Clay 
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6.4.2, Silt: 
The silt size particles in the S^, Sa and S3 soils vary 
between 31.7-51.1%, 31.6-51.5% and 34.9-45.1%, respectively. 
Their vertical distribution at SPi, SPa and SP3 profile-
sections is presented in Fig. 37. It is, generally, normal 
distributed but shows an increase in Aa and Bx horizons. 
6.4.3. Clay: 
The distribution of clay content in the soils Sx, 83 and 
S3 ranges between 19.7-31.8%, 17.3-35.0% and 36.2-38.3%, 
respectively. Their vertical distribution in profile sections 
at SPi, SP3 and SP3 is presented in Fig. 37. 
The clay content increases with degree of salinity/ 
alkalinity and depth. The porosity, permeability and leaching 
decrease with the clay content. 
6.5. Mineralogical Composition: 
Among the saline-alkaline soils, quartz, orthoclase, 
plagioclase and muscovite form the bulk of lighter minerals. 
The heavy mineral suite comprises, tourmaline, zircon, 
chlorite, biotite, kyanite, hornblende and garnet (Plates 17, 
18 and 19). 
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Plate 17 Photograph showing minerals in surface soil from 
type Si (<25% area affected by salinity), near Tilokpur 
village (Amethi tahsil, Sultanpur district). 
Plate 18 Photograph showing minerals in surface soil from 
type Sa (25-50% area affected by salinity), near Jangal 
Ramnagar village (Amethi tahsil, Sultanpur district). 
Plate 19 Photograph showing minerals in surface soil from 
type S3 (>50% area affected by salinity), near Parsawan 
village (Amethi tahsil, Sultanpur district). 
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Plate 17 
Plate 18 
Plate 19 
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Chapter VII 
GEOCHEMISTRY AND GENESIS OF THE SALINE-ALKALINE SOILS 
OF SDLTANPDR AREA 
7.1. GEOCHEMISTRY: 
The samples of the saline-alkaline soils of Sultanpur 
area were collected from various localities from surface as 
well as from various profile horizons (Appendices I and IV). 
Various chemical and physical parameters were determined in 
the laboratories of the Aligarh Muslim University, Aligarh. 
The parameters determined are:- (i) hydrogen ion 
concentration (pH), (ii) electrical conductivity (EC), (iii) 
exchangeable cations (Na'', K", Ca*"', Mg'^'^), (iv) cation 
exchange capacity (CEC), (v) exchangeable sodium percentage 
(ESP), (vi) major element oxides as weight % (SiOa, AI3O3/ 
FeaOs, CaO, MgO, NaaO, K2O, MnO) and (vii) trace elements in 
ppm (Zn, Cu, Pb, Co, Ni, Cr, Li) (Tables 18, 19 and 20). 
DISCDSSION: 
7.1.1. The pH, EC, Exchangeable Cations, CEC and ESP: 
i) Hydrogen Ion Concentration (pH): 
The pH of surface soils Si, S, and S3 ranges between 
8.55-9.51, 8.60-9.83 and 9.23-10.20, respectively (Table 18). 
Their vertical variation in profiles at SPj., SPa and SP3 is 
presented in Fig. 38. 
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Table 18 Chemical characteristics of saline-alkaline soils, 
Sultanpur area. 
+ + 
Type Sample pH EC Exchangeable Cations CEC ESP ; 
No. mmhos (meq/100 gm) meq/ 
/cm Na' K^ Ca"" Mg*" lOOgm 1 
+ 
Surface Soil 1 
Sj. SSOl 9.51 1.35 7.91 1.03 3.82 2.38 15.14 52.25! 
SS06 8.90 0.68 4.94 1.28 3.70 1.73 11.65 42.40; 
5518 8.55 0.32 3.36 1.65 2.92 1.52 9.45 35.561 
Sa SS02 9.83 4.28 12.23 0.94 5.25 1.90 20.32 60.18! 
SS03 8.60 0.60 3.87 1.81 3.65 1.30 10.63 36.41; 
SS09 9.70 1.85 9.93 0.98 4.82 1.85 17.58 56.48; 
5519 8.75 0.35 4.36 2.15 3.56 1.25 11.32 38.52 
S3 SS04 10.20 12.50 17.03 0.45 5.28 2.45 25.21 67.55, 
SS12 9.60 5.21 10.25 1.28 5.07 2.34 18.94 54.12; 
SS16 9.23 4.15 7.32 1.35 4.11 1.75 14.53 50.38, 
Soil Profile 
Si SPi 
n 
n 
n 
ff 
Sa 0P2 
n 
tt 
n 
n 
S3 SP3 
n 
ti 
n 
If 
-Ai 
A2 
Bi 
B2 
C 
-Ai 
Aa 
Bx 
B2 
C 
-Ax 
Aa 
Bx 
Ba 
C 
9.48 
9.12 
9.41 
9.52 
9.50 
9.55 
9.15 
9.30 
9.46 
9.40 
10.06 
9.67 
10.02 
9.95 
9.86 
0.92 
0.65 
1.02 
1.35 
1.08 
3.63 
2.85 
3.12 
3.25 
2.80 
4.74 
4.12 
4.48 
4.31 
4.20 
6.70 
5.44 
6.38 
7.36 
7.02 
8.78 
6.27 
7.16 
8.02 
7.15 
13.16 
9.40 
11.60 
10.74 
9.84 
1.61 
2.40 
1.36 
0.71 
0.98 
1.13 
1.73 
1.49 
1.01 
1.70 
0.85 
1.75 
1.33 
1.61 
1.84 
4.08 
3.93 
4.12 
4.18 
4.15 
4.38 
4.08 
4.21 
4.40 
3.95 
5.08 
4.86 
5.00 
4.92 
4.89 
1.76 
1.65 
1.92 
2.10 
2.05 
2.25 
2.05 
2.20 
2.32 
1.85 
2.43 
2.24 
2.40 
2.32 
2.28 
14.15 
13.42 
13.78 
14.35 
14.20 
16.54 
14.13 
15.06 
15.75 
14.65 
21.50 
18.26 
20.13 
19.59 
18.85 
47.35; 
40.54; 
46.30; 
51.36; 
49.44; 
1 
53.08: 
44.37; 
47.54; 
50.91; 
48.32: 
1 
61.23; 
51.48; 
57.64; 
55.36; 
52.21; 
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The pH of the saline-alkali soils is generally more than 
8.5. The soluble salts control the pH of aqueous solutions 
which in turn regulates the metal uptake in plants. The pH 
increases with alkalinity. 
ii) Electrical Conductivity (EC): 
The EC of Si, 83 and S3 soils varies between 0.32-1.35 
mmhos/cm, 0.35-4.28 nunhos/cm and 4.15-12.50 inrahos/cm, 
respectively (Table 18). Vertical variation of EC in profiles 
at SPi, SPa and SP3 is presented in Fig. 39. 
The EC varies with the salt content. 
iii) Exchangeable Cations (Na*, K*, Ca*-^, Mg**): 
The exchangeable cations of sodium in surface soils (Si, 
Sa and S3) vary between 3.36-7.91 meq/100 gra, 3.87-12.23 
meq/lDO gm and 7.32-17.03 ineq/100 gra, respectively 
(Table 18). Vertical variation as observed at SPi, SPa and 
SP3 profiles range between 5.44-7.36 meq/100 gra, 6.27-8.78 
meq/100 gm and 9.40-13.16 raeq/100 gm, respectively 
(Table 18). 
The exchangeable cations of potassium in Si, S3 and S3 
surface soils range between 1.03-1.65 meq/100 gm, 0.94-2.15 
meq/lOOgm and 0.45-1.28 raeq/100 gm, respectively (Table 18). 
Its vertical variation at SPi, SP3 and SP3 profiles vary 
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between 0.71-2.40 meq/100 gra, 1.03-1.73 meq/100 gm and 0.85-
1.84 meq/100 gm, respectively (Table 18). 
The exchangeable cations of calcium in surface soils 
(Si, Sa and S3) vary between 2.92-3.82 meq/100 gra, 3.56-5.25 
me/100 gm and 4.11-5.28 meq/100 gra, respectively (Table 18). 
Their vertical distribution as observed at SPi, SP2 and SP3 
profiles range between 3.93-4.18 meq/100 gm, 3.95-4.40 
meq/100 gm and 4.86-5.8 meq/100 gra, respectively (Table 18). 
The exchangeable cations of magnesium in Si, Sa and S3 
range between 1.52-2.38 meq/100 gra, 1.25-1.85 meq/100 gm and 
1.75-2.45 meq/100 gm, respectively (Table 18). At SPi, SP2 
and SP3 profiles they vary in vertical section between 1.65-
2.10 meq/100 gm, 1.85-2.32 meq/100 gm and 2.24-2.43 meq/100 
gm, respectively (Table 18). 
Exchangeable sodium is a dominant cation as compared to 
magnesium and potassium. The exchangeable calcium increases 
slightly with salinity. 
iv) Cation Exchange Capacity (CEC): 
The CEC in surface soils (Si, Sa and S3) varies between 
9.45-15.14 raeq/100 gm, 10.63-20.32 meq/100 gm and 14.53-25.21 
meq/100 gm, respectively (Table 18). The vertical variation 
of CEC at profiles SPi, SPa and SP3 is presented in Fig. 40. 
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Therefore, the CEC is generally high in these soils and is a 
function of salinity/alkalinity. It shows positive 
correlation with pH, EC and clay contents (Figs. 42,43 & 44). 
iv) Exchangeable Sodium Percentage (ESP): 
The ESP in Si, Sa and S3 soils ranges between 35.56-
52.25, 36.41-60.18 and 50.38-67.55, respectively (Table 18). 
Its vertical distribution at SPi, SP^ and SP3 profiles is 
presented in Fig. 41. The ESP is, generally, high indicating 
high sodicity of the soils. The ESP in the soils of the 
Sultanpur area increases with pH (Fig. 45). 
Richards (1968) used pH, EC and ESP in discriminating 
saline, sodic and saline-sodic soils (see Table 15). Thus Si. 
soil falls into sodic, S2 into sodic/saline-sodic and S3 into 
saline-sodic class. Those at SPj. and SPa profile sections are 
sodic and at SP3 saline-sodic. 
According to the Soil Taxonomy System the soils at SPx, 
SPa and SP3 can be designated as natric (sub-horizon) and 
Mollic (surface horizon) of Mollisol order of 'Salic' great 
group. 
These can also be known as solonchak and solonetz. The 
degraded soils can be assigned to epinatric nastrustafs and 
epinatric haplustafs. 
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Variation of CEC in Profiles 
Saline—alkali soi ls, Sul tanpur area 
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7.1.2. Major Element Oxide Composition: 
i) Silica (SiOz): 
The silica content of surface soils Si, S^ and S3 
ranges between 52.74-56.38%, 49.60-63.08% and 48.56-49.10%, 
respectively (Table 19). Vertical variation of SiOa in 
profiles at SPj., SP2 and SP3 is presented in Fig. 46. 
Silica being least soluble during weathering and 
erosion, remains locked in quartz, clays and other sheet 
silicate minerals. The solubility of SiO^ in soil water is a 
function of pH. The SiOa gets precipitated with decrease of 
pH, such as, due to addition of CO2. 
Silica is essential for growth of lower and higher 
plants and its uptake is proportional to the rate of 
transpiration. It is observed to decrease with clay content 
(Fig. 48). 
ii) Alumina (AlaOa): 
The AI2O3 content in Si, Sa and S3 surface soils varies 
between 12.28-13.18%, 10.41-13.31%, and 13.50-14.23%, 
respectively (Table 19). Its vertical variation at SPi, SPa 
and SP3 profiles is presented in Fig. 47. 
Aluminium is released during the process of chemical 
weathering. It is soluble both in acidic as well as basic 
media but gets precipitated as hydroxide in neutral solutions 
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Table 19 Major element oxides of saline-alkaline soils, 
Sultanpur area. 
+ + 
1 Type Sample Major element oxides (wt. %) 
; No. SiOa AI2O3 FeaOa CaO MgO NaaO K2O MnO 
Surface Soil 
Sj. SSOl 56.38 12.28 2.62 0.94 0.23 3.68 2.14 0.018 
SS06 53.18 12.67 3.13 1.46 0.45 3.18 2.85 0.013 
5518 52.74 13.18 3.61 1.30 0.51 2.07 3.50 0.010 
Sa SS02 49.60 13.31 3.76 1.53 0.52 4.75 2.27 0.029 
SS03 63.08 10.41 1.34 1.51 0.42 2.86 3.32 0.021 
SS09 53.51 12.21 2.52 0.99 0.25 4.50 2.43 0.027 
5519 51.13 12.86 3.55 2.22 0.69 3.63 2.15 0.025 
S3 SS04 48.85 13.80 4.88 1.44 0.31 5.22 1.42 0.036 
SS12 49.10 13.50 4.78 1.86 0.46 4.40 1.67 0.030 
SS16 48.56 14.23 5.14 2.18 0.65 3.51 2.51 0.028 
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2 .25 
2 . 8 1 
4 .17 
1.35 
1.08 
2 .10 
3 .42 
4 .50 
1.54 
1.26 
1.65 
3 .07 
6 .13 
0 .48 
0 . 4 1 
0 . 6 3 
0 .68 
0 .85 
0 . 3 3 
0 .27 
0 .56 
0 . 6 1 
0 . 7 4 
0 . 3 8 
0 . 2 5 
0 .46 
0 . 5 8 
0 . 9 3 
3 . 2 1 
2 .16 
3 .27 
4 . 0 3 
3 .25 
3 .75 
2 . 3 5 
3 .70 
4 . 1 3 
3 .52 
4 . 6 5 
3 .15 
4 . 2 4 
4 . 1 3 
3 .80 
2 . 5 8 
3 . 3 1 
3 .06 
2 . 4 0 
2 . 7 7 
2 , 2 3 
3 . 2 3 
2 . 9 0 
2 . 5 7 
2 . 8 3 
1 .53 
2 . 1 8 
1 .65 
2 . 0 5 
2 . 5 0 
0.018 
0 .011 
0 .015 
0.025 
0 .021 
0.029 
0.018 
0 .022 
0 .027 
0 .025 
0 .048 
0.030 
0 .041 
0.036 
0.032 
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or due to evaporation. Alumina together with silica forms the 
clay minerals (illite, kaoiinite). Al^" can be replaced by 
Fe^"^, Mg^', alkali metals and alkaline earth metals. Alumina 
in the soils studied area shows inverse correlation with 
silica (Fig. 49). 
iii) Iron Oxide (FeaOa): 
The FeaOa content of surface soils Si, S3 and S3 varies 
between 2.62-3.61%, 1.34-3.76% and 4.78-5.14%, respectively 
(Table 19). Vertical distribution of SiOa in profiles at 
SPi, SP2 and SP3 is presented in Fig. 50. 
The iron content, oxygen concentration and pH are 
closely interrelated. Ferric oxides will form in the presence 
of oxygen and pH >6. The low iron and high pH value of the 
soils at Sultanpur are not suitable for growth of plants. 
iv) Calcium Oxide (CaO): 
The CaO in surface soils (Si, S3 and S3) ranges between 
0.94-1.46%, 0.99-2.22% and 1.44-2.18%, respectively 
(Table 19). Its vertical distribution in profiles at SPi, 
SPa and SP3 is presented in Fig. 51. 
Generally, accumulation of CaO is maximum in the lower 
horizons (kankar zones). The calcium is an important content 
of minerals like plagioclase, augite, hornblende and epidote 
which occur in the soil. Calcium bicarbonate is formed 
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during the process of chemical weathering. The CaCHCOa) with 
water goes downward to a certain depth from which the water 
is removed by plant roots leaving behind CaCOa. 
v) Magnesium Oxide (MgO): 
The MgO (magnesia) content in Si, S^ and S3 soils varies 
from 0.23-0.51%, 0.25-0.69% and 0.31-0.65%, respectively 
(Table 19). The vertical variation of MgO at SPx, SP^ and SP3 
profile-sections is presented in Fig. 52. 
Magnesium is the scarcest of elements and occurs 
along with calcium and alkali metals. It precipitates as 
hydroxide when pH is high (>10). Brucite in alkali soils can 
be formed from MgO. The source of Mg in soils is coraraonly 
dolomitic limestone. Magnesium is also beneficial to plants 
like calcium. 
vi) Sodium Oxide (NaaO): 
The NaaO (soda) in surface soils Si, 83 and S3 ranges 
between 2.07-3.68%, 2.86-4.75% and 3.51-5.22%, respectively 
(Table 19). Its distribution in various horizons at SPi, SPa 
and SP3 is presented in Fig. 53. 
The high sodium content of the soils reflects high 
degree of leaching of minerals. The leached out sodium forms 
NaCl, NaaSO* and, NaaCOa and other soluble salts in the 
saline and alkali soils. Exchangeable sodium in sodic soils 
is >15 percent. 
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vii) Potassium Oxide (K2O): 
The distribution of K2O (potash) in surface soils (Si, 
Sa and S3) varies between 2.14-3.50%, 2.15-3.32% and 1.42-
2.51%, respectively (Table 19). Its vertical variation at 
SPi, SPa and SP3 profile-sections is presented in Fig. 54. 
K2O content is, generally, high in the soils of 
Sultanpur area. They exhibit a close relationship between tho 
geomorphology, weathering and K2O content. 
viii) Manganese Oxide (MnO): 
The MnO content in S3., Sa and S3 soils ranges between 
0.010-0.018%, 0.021-0.029% and 0.028-0.036%, respectively 
(Table 19). Its distribution in various horizons at SPj., SP2 
and SP3 is presented in Fig. 55. 
Manganese, though essential for certain nitrogen 
transformations, is harmful to plants but above a certain 
critical limit. At Sultanpur, Mn level in soils is above the 
critical (toxicity) limit. Under wet condition, due to 
reduction it takes the divalent form and forms oxide and 
phosphate. Two categories of exchangeable Mn^" exists, one 
more strongly bound than the other. It shows a positive 
correlation with salinity/alkalinity. The high pH, presence 
of CaCOs and low organic matter on the whole cause depressing 
effect on Mn in soils. 
140 
55.0 
Variation of Si02 in Profiles 
Saline—alkali soi ls, Sul tanpur area 
Si02 (%) 
F i g . 46 
Variation of AI203 in Profiles 
Saline—alkali soi ls, Sul tanpur area 
AI203 iZ) 
F i g . 47 SP3 
141 
Relation of Clay / Si02 
65" 
60 
55 
so 
4f -
5ibz (Tsj 
40 
F i g . 48 
10 20 30 
Clay {%} 
40 50 
Relation of AI203 / Si02 
^^ SlOZ (7S) 
DO 
60 
55 
so 
45 
^ a 
4U . ._ . 
0 5 10 15 2 
A I Z 0 3 (7S) 
F i g . 49 
1 . rr- ' ' — • 
=•• :-T=s 
0 
.... .1 
142 
Variation of Fe203 in Profiles 
Saiine—alkali soils, Sultanpur area 
Fe203 (%) 
F i g . 50 
Variation of CaO in Profiles 
Saline—alkali soils, Sultanpur area 
CaO iZ) 
F i g . 5 1 
143 
1.0 
0.8 
0.6 
«-4 
0.2 
0.0 
F i g . 52 
Variation of MgO in Profiles 
Saline—alkali soils, Sultanpur area 
MaO (.%) 
A1 A2 
SP1 
B1 
Horizons 
- 4 - SP2 
B2 
SP3 
Variation of Na20 in Profile 
Saline—alkali soils, Sultanpur area 
Na203 (%) 
5 
F i g . 53 
144 
Variation of K20 in profile 
Saline —alkali soils, Sultanpur oreo 
K20 (%) 
5 
Fig . 54 
0.06 
0.0& 
nuH -
0.03 -
o.oz -
0.01 
0.00 
Variation of MnO in Profile 
Saline—alkali soils, Sultanpur area 
MnO {%) 
5 
F i g . 55 
145 
7.1.3. Trace Element Composition: 
i) Zinc (Zn): 
The Zn in surface soils Si, Sa and S3 varies between 75-
90 ppm, 65-88 ppm and 46-71 ppm, respectively (Table 20). 
Its vertical distribution at SPj., SP2 and SP3 profile-
sections is presented in Fig. 56. 
Zinc is a heavy metal susceptible to exchange reactions 
with clays. It has been observed that more zinc accumulated 
in fine textured soils than the coarse textured soils. The 
concentration of Zn and salinity /alkalinity, have antipathic 
relationship (Table 18). The soils of the area shows negative 
correlation between Zn and pH (Fig. 57). 
ii) Copper (Cu): 
The Cu content in surface soils (Si, S2 and S3) ranges 
between 26-38 ppm, 18-28 ppm and 16-25 ppm, respectively 
(Table 20). Its variation in soil horizons at SPi, SPa and 
SP3 is presented in Fig. 58. 
Copper is released easily during the chemical weathering 
of Cu-bearing minerals and is absorbed by the clays. The Cu 
content is found to vary with the clay content. It has low 
concentration highly saline-alkali soils at Sultanpur. 
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Table 20 Trace elements of saline-alkaline 
Sultanpur area. 
soils, 
Type Sample 
No. 
Trace elements (in ppm) 
Zn Cu Pb Co Ni Cr Li 
Surface Soil 
SSOl 
SS06 
SS18 
SS02 
SS03 
SS09 
SS19 
SS04 
SS12 
SS16 
75 
81 
90 
65 
88 
72 
83 
46 
62 
71 
26 
31 
38 
18 
28 
20 
23 
16 
19 
25 
45 
37 
24 
50 
35 
42 
48 
61 
43 
52 
30 
28 
23 
34 
21 
26 
31 
36 
28 
30 
35 
29 
25 
38 
27 
35 
30 
41 
35 
31 
34 
26 
21 
51 
33 
47 
40 
63 
52 
45 
12 
21 
22 
20 
19 
21 
17 
18 
24 
20 
Soil Profile 
Si SPi-Ai 
" Aa 
" Ba. 
" Ba 
" C 
Sa SPa-Ai 
" A, 
" Bi 
" B:, 
" C 
S3 SP3-A1 
" A2 
" Bi 
" Ba 
" C 
67 
78 
71 
66 
68 
63 
76 
73 
67 
70 
52 
64 
55 
58 
61 
32 
34 
30 
28 
21 
24 
27 
22 
20 
15 
18 
21 
14 
16 
11 
50 
42 
30 
35 
26 
53 
48 
33 
37 
30 
60 
51 
45 
42 
33 
26 
24 
28 
21 
18 
30 
26 
33 
24 
20 
33 
31 
35 
27 
25 
33 
32 
28 
23 
19 
38 
34 
30 
27 
21 
40 
36 
34 
31 
24 
39 
31 
37 
43 
45 
53 
41 
43 
48 
46 
62 
45 
56 
51 
48 
13 
8 
7 
6 
5 
20 
13 
10 
8 
6 
23 
15 
13 
10 
8 
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iii) Lead (Pb): 
The Pb content in Sj., S2 and S3 soils varies between 
24-45 ppm, 35-50 ppm and 43-61 ppiti, respectively (Table 20). 
Its vertical distribution at SPi, SP2 and SP3 profile-
sections is presented in Fig. 59. 
Lead is easily extractable as lead carbonate during the 
chemical weathering and is transported in solution. It has 
been observed that Pb content increases with the clay content 
as well as salinity/alkalinity. Lead is found concentrated 
mostly in the surface (A horizon) soil with little downward 
movement. 
iv) Cobalt (Co): 
The cobalt in surface soils S3., S2 and S3 ranges between 
23-30 ppm, 21-34 ppm and 28-36 ppm, respectively (Table 20). 
Its variation in soil horizons at SPx, SPa and SP3 is 
presented in Fig. 60. 
The cocentration of Co depends on the parent rock 
composition and climate. A distinct relationship exists 
between concentration of cobalt and the humus content. But Co 
is sorbed by clays which controls its distribution in the 
soil. Cobalt is, generally, rich in alkaline soils. 
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v) Nickel (Ni): 
The Ni content in Si, S^ and S3 soils ranges between 
25-35 ppm, 27-38 ppm and 31-41 ppm, respectively (Table 20). 
Its vertical distribution at SPj., SP^ and SP3 profile-
sections is presented in Fig. 61. 
Like cobalt, cocentration of nickel depends on the 
parent rock composition and climate. Nickel forms a number of 
hydro-silicates during the chemical weathering of ultra-basic 
rocks. It gets accumulated in the upper clay horizons of the 
soil. The Ni content also increases with salinity/ alkalinity 
(Table 18). 
vi) Chromium (Cr); 
The Cr content in surface soils (Si, 83 and 83) varies 
between 21-34 ppm, 33-51 ppm and 45-63 ppm, respectively 
(Table 20). Its variation in soil horizons at SPi, SPa and 
8P3 is presented in Fig. 62. 
The chemical properties and ionic configuration of 
chromium is similar to that of ferric iron and aluminum. 
Therefore, during chemical weathering, only very little 
chromium goes into solution. The concentration of chromium is 
mainly controlled by the parent rock composition and 
increases with salinity of the soil (Table 18). 
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Variation of Co in Profiles 
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vii) Lithium (Li): 
The Li in S^ ., Sa and S3 soils ranges between 12-22 ppm, 
17-21 ppra and 18-24 ppm, respectively (Table 20). Its 
vertical distribution at SPj., SP2 and SP3 profile-sections is 
presented in Fig. 63. 
Traces of Li substitutes for octahedral Al in the 
feldspars and micas. The distribution of lithium in different 
soils depends on their nature but it accumulates mostly in 
the upper horizons. 
7.1.4. The Metal Pollution Hazard: 
The concentrations of Zn, Cu, Pb, Co, Ni and Cr metals 
in the soils at Sultanpur exceed the safe limits approaching 
the level of toxicity (Table 21). 
Table 21 Comparision of Trace Metal values of Sultanpur soils 
with those of FWPCF and others. 
[Elements 
Zn 
Cu 
Pb 
Co 
Ni 
Cr 
Range at 
Sultanpur 
(ppm) 
52 -
11 -
24 -
18 -
19 -
21 -
90 
38 
61 
36 
41 
63 
FWPCF 
Values 
(ppm) 
5.00 -
0.20 -
5.00 -
0.20 -
0.50 -
5.00 -
(1968) 
10.00 
5.00 
10.00 
10.00 
2.00 
20.00 
Ayers and I 
Branson (1976) ! 
Values (pprn) 1 
2.00 -
0.20 -
2.00 -
0.05 -
0.20 -
0.10 -
10.00 : 
5.20 ; 
10.00 : 
5.00 ; 
2.00 ; 
1.00 ; 
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The Gomti is a much polluted river which passes through 
Sultanpur area. The toxic elements carried by this river and 
its tributaries aro accumulated in the soils of surrounding 
areas along with ground water recharging and flooding. 
In Jagdishpur, the industrial area has so many large 
scale industries, like Bharat Heavy Electronics Limited 
(BHEL), Indo-Gulf Fertilizers, Arif Cement Factory, Samrath 
Bicycle Factory, etc. In Munshiganj (Amethi area), there are 
also large scale industries, like, Hindustan Aeronautics 
Limited (HAL), etc. They are dumping their wastes, mostly 
untreated, to the soil thus adding to ground water pollution. 
There are so many small scale industries (blacksmith-
industries, agro-industries, etc.) and automobile workshops 
(Tractors, motors, engines, etc. repairing works) in the 
area, which dump their wastes into the drain. So these 
metals accvimulate in the soils and ground water. Fertilizers 
also increase the metallic concentrations in the soil. 
7.1.5. Fertility Status: 
The fertility status of soil depends upon the nutrient 
index (percentage of N, P & K) which is very low in the area. 
Sultanpur and its surrounding areas are among the worst 
affected in this respect (ch. 6.2, Fig. 36). 
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The fertility status of these soils at selected 
locations is presented in Table 22. The available nitrogen 
and phosphorous are, generally, very low to low, and 
available potassium is moderate. 
Table 22 Fertility status of saline-alkaline soils, 
Sultanpur area. 
1 Degree of 
1 Salinity 
I Sx 
! S:t 
! S3 
! Average 
NI 
1. 
2. 
3. 
Location 
(village) 
Sariha 
Mau 
Tajuddinpur 
Tilokpur 
Benipur 
Darkha 
Govindpur 
Akhori 
Jangal Raronaga 
Kauhar 
Chhira 
Karpi 
Parsawan 
: Range 
<1.8 
8-2.6 
7-3.4 
5-4.2 
>4.2 
I (Source: Soil Testing 
Macro 
N 
1.7 
1.9 
1.9 
1.7 
1.7 
1.7 
1.5 
1.9 
r 1.7 
1.8 
1.9 
1.8 
1.7 
1.8 
-Nutrients (NI) 
P 
1.8 
1.8 
2.0 
1.7 
1.7 
1.5 
2.1 
1.9 
1.6 
1.7 
2.0 
1.7 
1.6 
1.8 
Nutrient Level 
Very 
Low 
low 
Medium 
Medixim High 
High 
Laboratory, 
(VL) 
(L) 
(M) 
(MH) 
(H) 
K 
3.0 
3.4 
3.1 
2.9 
3.0 
3.2 
3.4 
3.1 
3.0 
3.1 
3.4 
3.3 
2.9 
3.1 
Sultanpur, 1986) 
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i) Nitrogen (N): 
The available nitrogen is very low to low in Si, Sz and 
S3 soils of Sultanpur. The N is accumulated by the microbes 
from the atmosphere. The available nitrogen and organic 
matter in these soils decrease with increase in pH and salt 
content (Tables 18 and 22). The nitrogen rhizobia organism do 
not survive at higher pH (>10). 
The nitrogen cycle is altered duo to addition of nitro-
fertilizers, canal irrigation and accumulation of salts. 
ii) Phosphorous (P); 
The available phosphorous is very low to low in Sj., S2 
and S3 soils. Phosphorous forms insoluble salts under 
alkaline conditions, but in acidic soils that contain HaSO* 
ions, first HPO4 and finally PO* ions occur in abundance. 
iii) Potassium (K): 
The available potassium is moderate in Sx, S3 and S3 
types of soils. The potassium is fixed by the soil clay 
colloids in the presence of clay minerals. In the presence of 
NaCl, potassium is released accounting for its easy 
availability. 
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7.2. GENESIS OF SALINE-ALKALINE SOILS OF SDLTANPOR: 
The genesis (formation) of saline-alkaline soils in 
Sultanpur and its surrounding areas depends on various 
factors, like, geology/geomorphology, physiography, ground 
water, physico-chemical characteristics of soils and climate 
of the area. The main factors in formation (genesis) of 
saline-alkali soils (Fig. 64) of the study area, are 
described as follows:-
7.2.1. GeologY/geomorphology: 
The area around Sultanpur is situated in the Ganga-
Ghaghra interflue and represents a part of the Indo-Gangetic 
alluvial plain of Quaternary age. 
The sediments forming the vast plain of alluvial 
deposits have provenance in the Himalayas. The alluvium has 
been transported by the Ganga river system (Rivers Gorati, Sai 
& Majhoi and their tributaries). 
Geologically, saline-alkali soils occur in Older 
Alluvium. Geomorphologically, the area lies in the Older 
Alluvial Plain (Fig. 12) , and has many palaeochannels having 
sodic soils. 
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7.2.2. Physiography: 
The general slope in the southern and northern areas is 
very gentle (<1%) and is in the direction away from the river 
(Fig. 6). The area is prone to inundation and water-logging 
on account of poor drainage (Fig. 7). Salinity is developed 
most in this part of the region. 
7.2.3. Canal Irrigation and Ground Water: 
The network of Sarda canals in the area (Fig. 8) is 
unlined which cause widespread seepage of water along the 
route. These also obstruct the natural drainage system. 
Therefore, canal irrigation may be considered as one of the 
principal factors which causes water-logging and accumulation 
of surface salts. There is widespread development of saline-
alkali soils (Fig. 36) along the canals. 
In southern and northern parts, there is a shallow 
aquifer zone about 15 m b.g.l. (Fig. 13). In these areas 
water-table is, generally, shallow, less than 4 m b.g.l. 
(Fig. 14). The pH and EC of ground water too is high. 
The saline profiles are also developed behind the 
levees, where temporary shallow water-table exists along side 
rivers during wet seasons. 
The development of natric horizons may be due to basic 
composition salt-rich ground water, poor drainage presence 
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of impermeable concretionary layer (kankar pan), and 
prolonged and uncontrolled canal irrigation. 
7.2.4. Physico-chemical Properties of Soils: 
i) Physical Properties: 
The soils in the low lying areas have higher contents of 
clay and silt, low permeability and obstructed drainage. 
These soils havo medium to high compaction and develop mud-
cracks when on drying (Plate 10). High compaction, low 
permeability and calcium kankar zone in sub-soil leads to 
incomplete leaching, due to which salinity/alkalinity is 
developed to maximum extent. 
ii) Chemical Properties: 
The chemical processes play a significant role in the 
formation of saline-alkali soils. Chemical weathering 
(hydrolysis, hydration, solution, oxidation and carbonation) , 
causes the salt constituents of the primary minerals to be 
released and made soluble (Richards, 1968). These soluble 
salts consist mostly cations of sodium, calcium, magnesium, 
potassium and anions of chloride and sulphate. The important 
chemical characters involved in the formation of saline-
alkaline soils, have been discussed in 7.1. (Geochemistry). 
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7.2.5. Climate: 
The chemical and physical processes of saline-alkali 
soil formation, in the area, are controlled by climate. 
The temperature are recorded at 3°C to 4°C during the winter 
season and 44°C to 45°C during the summer season. The average 
annual rainfall is 981.5 mm. 
Increased evaporation results due to alternating wet and 
dry seasons thereby increasing salinity in the soils. The 
alternate dry and wet seasons would account for development 
of calcitic nodules in sub-soils of Sultanpur area. This 
would account for higher values of ESP and pH. 
Pedotranslation of materials in the soil profile through 
infiltered water carrying dissolved as well as suspended 
matter held in the development of salinity in the soils. The 
soils have low permeability at Sultanpur and hence very low 
percolation. 
Excess amount of moisture reduces the process of 
leaching in soil. The upward movement of water soluble salts 
through capillary action transports colloidal and dissolved 
matter to higher levels where on coagulation and deposition 
concretionary horizon will form. In Sultanpur area, 
concretionary layer occurs at 1-2 m depth which inturn 
further reduces leaching which would results in the 
enhancement of alkalinity. 
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Chapter VIII 
SUMMARY AND CONCLDSION 
8.1. SUMMARY AND CONCLDSION: 
Salinization and alkalinization is a global phenomenon 
among the normal (zonal) soils. The soils of the Indo-
Gangetic plain are of Quaternary age and affected to various 
degrees of salinity and alkalinity along a linear belt. 
Sultanpur area is situated in the Ganga-Ghaghra interflue of 
Indo-Gangetic plain and forms part of the saline-alkaline 
belt of the state of Dttar Pradesh (Fig. 1). The present 
study attempts to understand the causes and extent of 
salinity of these soils through mapping, field survey and 
laboratory work. 
The Mapping of soils was done using remote sensing 
techniques followed by ground-checks. The space data of 
LANDSAT TM FCC (Bands 2. 3, 4) imagery of Path-Row 143-042 
(Pi. 1) was used for this purpose. The four major soil types, 
viz. i) Saline-alkaline soils (Sa., Sa & S3), ii) Sandy soils 
(Sa), iii) Clayey soils (B) and iv) Normal soils (N3. & N^) 
were demarcated (Fig. 16). The saline-alkaline soils are 
placed into three units- Sx (<25% area with salt patches), Sa 
(25-50% area with salt patches) and S3 (>50% area with salt 
patches) (Fig. 36). The saline and alkali soils are clearly 
depicted by light and dark mixed tone on band 3. 
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A portion of SW part of the area (Fig. 17) was selected 
for detailed mapping, employing image processing of digital 
data of IRS-IB LISS-II (Bands 1, 2, 3, 4) Path-Row 49-24 A2. 
The area has particularly high salinity/alkalinity. The 
saline-alkaline soils are indicated by light and medium grey 
tone on IRS bands 1 and 3 in stretched mode (Pis. 4 & 6). 
The soil features and boundaries can be demarcated clearly on 
the FCC's of IRS bands 421 and 123 (Pis. 8 & 9). 
The map based on the remotely sensed data was checked 
using ground truth. Sampling of surface soils and profiling 
was followed by determination of various physico- chemical 
properties in the laboratory comprising soil colour, textural 
composition (sand, silt & clay), mineralogical composition 
(lighter and heavier minerals), chemical characteristics (pH, 
EC, exchangeable cations, CEC, ESP), major oxides (SiOa, 
AI3O3, FcaOa, CaO, MgO, NaaO, KaO, MnO) and trace elements 
(Zn, Cu, Pb, Co, Ni, Cr, Li). 
The spectral reflectance of some surface samples were 
analysed for band selection exercise. The X-Y and Z (DN) 
coordinates of the samples were determined and were subjected 
to linear stretching. Subsequently correlation of physico-
chemical properties with DN values of the original data (IRS 
bands 1,2,3,4) was made to make a training set for the study. 
The brightness of the colour of soil provides a useful 
clue about their salinity-alkalinity. The latter showed 
positive correlation with reflectance. In Sultanpur area 
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salinity-alkalinity increase with clay content which show 
positive correlation with reflectance. The higher clay 
content of these soils together with soliible salts enhance 
their reflectance. The relative concentration of soluble 
are indicated by pH, EC, CEC and ESP. Correlation of 
reflectance with various parameters provide useful 
information. They give negative correlation with SiOa, CaO, 
MgO & K2O and positive correlation with AlaOa, FeaOa, NaaO & 
MnO. 
The IRS bands 1, 3 & 4 are sensitive to physical-
chemical properties of soil and are very useful in the 
determination of soil characteristics. 
The entire region shows widespread development of 
saline-alkaline patches of irregular shape (Fig. 36). The 
terrain has poorly developed drainage and flat topography. 
The area is irrigated by a network of canals belonging to the 
Sarda Canal System (Pi. 11). Extensive seepage through these 
canals into the surrounding areas has caused water-logging 
at several places in the region. The soils in such areas 
have a whitish salt-crust. Such features are abundantly 
visible in the sub-basins of Sai and Majhoi rivers where the 
water-table is very shallow (<4ro b.g.l.). The quality of 
ground water is poor (saline) here. 
The textures of the affected soil is mostly fine-
grained laterally as well as vertically. There is a layer of 
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calcium kankars developed in the sub-soil. The clay content 
is high in the soils even at depth. The leaching of the top 
soils is generally less due to high content of clay and tho 
presence of impermeable layer of kankar in the sub-soil. This 
acts as a physical-chemical barrier. 
The depths at which nodules of iron and manganese and 
kankars of carbonate minerals occur, generally, concide with 
the shallow water-table of the area. The upward migration of 
carbonates (HCOa" and COa") sulphates and chlorides followed 
by their precipitation and accvimulation on the surface 
produces salts efflorescent. 
The soils comprise the lighter minerals like quartz, 
orthoclase, plagioclase and muscovite, and the heavier 
minerals like tourmaline, zircon, chlorite, biotite, kyanite, 
hornblende and garnet. They also contain some organic matter. 
The mineral assemblage indicates a Himalayan provenance with 
moderate to high rank metamorphic rocks mainly and to a 
lesser extent igneous and sedimentary rocks. 
Many of the physical properties of the soils, like, 
swelling, shrinking, cohesion, low infiltration and plastered 
look can be accounted due to the presence of clay minerals 
(illite, vermiculite, Kaolinite, etc.) in them. 
The chemical characteristics of the soils give values 
for pH (8.55-10.20), EC (0.32-12.50 mmhos/cm) and ESP 
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(35.56-67.55) falling in the alkalinity and salinity range. 
The chemical analysis gave high percentages of SiO^ (44.OS-
es.08%) and AI2O3 (10.41-15.20%). The other oxides, like, 
FeaOa (1.34-5.14%), CaO (0.94-5.13%), MgO (0.23- 0.69%), 
NaaO (2.07-5.22%), K3O (1.42-3.50%) and MnO (0.01-0.048%) 
were also determined for geochemical studies. 
Among the trace elements analysed were Zn (46-90 ppm), 
Cu (11-38 ppm), Pb (24-61 ppm), Co (18-36 ppm), Ni(21-63 ppm) 
and Cr (21-63 ppm). The cocentration of these metals in the 
soils is clearly above the critical limit (Table 21>. The 
safe limit of metal concentration are: Zn, Pb and Co upto 
10 ppm, Cu upto 5 ppm, Ni upto 2 ppm, and Cr upto 20 ppm, 
respectively (FWPCF, 1968) and Ayers and Branson, 1976). 
The high level of these elements can be ascribed to 
discharge the Bharat Heavy Electronics Limited (BHEL) at 
Jagdishpur and Hindustan Aeronautics Limited (ELAL) at 
Munshiganj (Amethi). A few small-scale industries in the 
area too add harmful waste and discharge. The transportation 
of these can effectively carried out by the rivers like 
Gomti, Sai and Majhoi, and spread further through the 
irrigation canal system. 
The zones of kankar accumulation underneath act as 
geochemical barriers to the migration of Fe, Mn, Zn, Pb, Co, 
Ni, Cr, Li and other elements brought in from various 
sources resulting in their accumulation in A and B horizons 
of these soils. 
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The deficiency of plant nutrients (nitrogen, phosphorus 
and potassium) in these soils is because nitrogen fixing 
bacteria cannot survive under conditions of high pH and high 
salt content. 
It can be concluded from the aforesaid discussion that 
Jenny's genetic model involving factors, like, geology/ 
geomorphology, physiography, hydrogeology, the physico-
chemical characteristics of the soil and climate of the 
region, would be moat suitable to account for the saline-
alkaline soils of Sultanpur area. 
Geologically, the area around Sultanpur represents part 
of the Indo-Gangetic alluvial plain with provenance in the 
Himalayas. Breakdown of the Himalayan rocks is the priiaary 
source of minerals and soluble salts. These soils are, 
generally, deposited in older alluvial plain with a number of 
filled or partially filled palaeochannels. 
The main physiographic features of the plains was flat 
area with poor drainage. As a result there would be little 
transportation of soluble salts causing them to accvunulate 
on the surface in the form of efflorescence (reh). 
Canal irrigation affects the hydrogeological conditions 
of the area contributing to the formation of saline-alkali 
soils. The network of Sarda canals of the area are mostly 
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unlined which may cause have widespread seepage of water 
along the route. The cause obstruction to the natural 
drainage system. The shallow aquifers and shallow water-
table greatly affect the ground water quality, and increase 
the salinity/ alkalinity in the soils of the area. Secondary 
salinization could have developed due to uncontrolled 
irrigation and other htunan activities. 
The topographic lows have higher salinity and higher 
contents of clay and silt. The latter increases the 
compaction properties of soils. Thus, leaching is incomplete 
due to high compaction, leading to low E>erTneability and 
formation of calcium kankar zone in sub-soil. 
The main source of salt content of soils in the primary 
minerals from the source area. The process of chemical 
weathering would release soluble salts comprising cations of 
sodium, calcium, magnesium and potassium and anions of 
chloride and sulphate. 
Climatic factors facilitate the accvuaulation of salts 
at suitable sites converting soils into saline-alkaline type. 
The high rate of evaporation during dry seasons alternating 
with wet seasons which would account for the formation of 
calcitic nodules in the sub-soil. Reduced leaching of soil 
due to excess moisture and upward movement of water soluble 
salts through capillary action cause efflorescence to be 
deposited on the surface. 
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8.2. RECOMMENDATIONS FOR RECLAMATION OF SALINE-ALKALINE SOILS 
OF SDLTANPDR AND SDRRODNDING AREAS: 
The reclamation methods of saline-alkaline (usar) soils 
can be grouped under the following:-
1. Physical methods 
2. Chemical methods 
3. Biological methods 
8.2.1. Physical methods: 
i) Leaching through irrigation: 
Replacement of canal irrigation by tube-well irrigation 
will help lower the water-table. Also the water should have 
low salt content. The cement lining of inner sides of canals 
can control seepage problem. 
Infiltration can be improved by deep ploughing, sub-
soiling, sand filling and profile inversion. The sub-soil 
hard kankar and clay pans can be broken by using chisels 
drawn by powerful tractors. The sanding will improve water 
and air permeability allowing soluble salts to be washed down 
to the root zone. 
ii) Drainage development: 
Deep drains (nalas) can be excavated to join with the 
main nalas or river after giving due consideration to 
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physiography, stratigraphy and hydrogeology of the area. 
Through these/ excess water and salts will be drained out. 
Levelling of the fields and reduction in size of agricultural 
plots reduce excess water in cultivated areas. 
8.2.2 Chemical methods: 
Reclamation of highly alkaline soils has often been 
resorted to by adding gypsum, limestone, sulphuric acid or 
sulphur (pyrite). Exchangeable sodium is replaced by calcium 
of gypsum. Sulphuric acid treatment is effective when sodic 
soils also contain lime. The chemical reactions involved are 
as follows:-
i) Gypsum 
2Na X + CaSO*.2HaO > Ca X + NaaSO* 
ii) Limestone 
2HX + 2Ca(HC03)2 > Ca(HC03)2 + CaX 
2NaX + Ca(HC03)2 > 2NaHC03 + CaX 
iii) Sulphuric acid 
(a) CaCOa + H2SO4 > CaSO* + HaO + COa 
<b) 2CaC03 + HaSO« > CaSO* + Ca(HC03)a 
iii) Sulphur (from Pyrite) 
2FeSa + H2O + 70a > 2HaSO* + 2FeS0« 
FeSO* + 2H2O > HaSO* + Fe(OH)a 
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For the reclamation of the affected soils of Sultanpur 
area different ratios of pyrite and gypsum are suggested 
depending on the texture and pH of the soil (Appendix V). 
8.2.3. Biological methods: 
Biological methods of the reclamation comprise organic/ 
cattle manuring and green manuring. Organic and cattle 
manuring is considered as a superior method as compared 
to the chemical methods. The manures contain high NPK and 
their decomposition improves the soil permeability too. 
Addition of molasses from the sugar factories (12.5 tonnes of 
molasses plus 12.5 tonnes of press mud per hectare) is 
reconanended for highly alkaline soils (Dhar, 1938). 
In green manuring method, dhaincha (Sesbania) and dub 
grass (Cynoden dactylon) are planted prior to cultivation. 
The planting of eucalyptus hybrids in the shallow water-table 
areas is known to reduce the pH and lower the ground water-
table. The leguminous plants like mulberry and blue green 
algae, also help in the growth of nitrogen-fixing bacteria in 
the soil. 
8.3. ECONOMIC EXPLOITATION OF REH: 
Reh can be gainfully utilized in the manufacture of 
sodium sulphate and sodium carbonate which are suitable for 
making paper pulp, synthetic detergent powder (soap), heavy 
chemicals, ceramics, glass, textile, etc. From socio-
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economic point of view, the extraction of sodium sulphate and 
sodium carbonate may weigh much heavier than the agricultural 
produce. 
In developmental areas, reh or usar land can be used for 
setting up industries, colonies, schools, play grounds and 
other civic amenities instead of using them for cultivation. 
Brick industries should preferably be located in usar 
areas. The trenches dug out after removing earth may 
subsequently be used in fish-farming. 
Clay loam in which reh is generally developed, can also 
be used for making earthen wares. 
The thick kankar zone which occurs in the sub-soil can 
be used as a building material for cement manufacturing and 
other purposes. 
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APPENDIX 
Soil sample locations, Sultanpur area 
Sample 
No. 
Nearest 
Location 
Block SOI Topo-
sheet No. 
+ + 
SSOl 
SS02 
SS03 
SS04 
SS05 
SS06 
SS07 
SS08 
SS09 
SSIO 
SSll 
SS12 
SS13 
SS14 
SS15 
SS16 
SS17 
SS18 
SS19 
SS20 
SS21 
SS22 
SPx 
SPa 
SP3 
Sariha 
Benipur 
Darkha 
Kauhar 
Katra Lalganj 
Mau 
Tanda 
Khaudia 
Govidpur 
Kurwar 
Ramnagar Bankat 
Chhira 
Barul 
Saitapur Sarai 
Kadipur Khurd 
Karpi 
Gangapur 
Tajuddinpur 
Akhori 
Itwa Molanpur 
Etkauli 
Baraunsa 
Tilokpur 
Jangal Ramnagar 
Parsawan 
Bhetua 
Amethi 
Amethi 
Shahgarh 
Gauriganj 
Gauriganj 
Jagdishpur 
Musafirkhana 
Baldirai 
Kurwar 
Dubepur 
Bhadar 
Bhadainya 
Lambhua 
Kadipur 
Akhandnagar 
Dostpur 
Dostpur 
Kurebhar 
Dhanpatganj 
Kurebhar 
Jaisinghpur 
Amethi 
Amethi 
Amethi 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
F/16 
F/16 
F/12 
F/12 
F/12 
F/11 
F/11 
F/15 
F/15 
F/15 
J/4 
J/4 
J/4 
J/4 
J/8 
J/8 
J/8 
J/7 
J/3 
J/3 
J/3 
J/3 
F/16 
F/16 
F/16 
+ + 
;SS = Suface Soil, SP = Soil Profile, SOI = Survey of India! 
+ + 
APPENDIX II 
Soil type and local parameters (Sultanpur area) 
1 Sample Soil Texture Slope Type of 
! No. Type of Soil (in %) Alluvium 
Drainage Water- 1 
Table (m); 
SSOl 
SS02 
SS03 
SS04 
SS05 
SS06 
SS07 
SS08 
SS09 
SSIO 
SSll 
SS12 
SS13 
SS14 
SS15 
SS16 
SS17 
SS18 
SS19 
SS20 
SS21 
SS22 
SPi 
SPa 
SPa 
Si 
S2 
S2 
S3 
N2 
Si 
Na 
N2 
S2 
Sa 
Si 
S3 
Ni 
B 
Sa 
S3 
B 
Si 
S2 
N2 
Ni 
N2 
Si 
S2 
S3 
FTS 
FTS 
FTS 
FTS 
MTS 
FTS 
MTS 
MTS 
FTS 
CTS 
FTS 
FTS 
MCTS 
FTS 
CTS 
FTS 
FTS 
FTS 
FTS 
MTS 
MCTS 
MTS 
FTS 
FTS 
FTS 
<1 
<1 
<1 
<1 
<1 
<1 
1-2 
1 
<1 
1-5 
<1 
<1 
1-2 
<1 
1-4 
<1 
<1 
<1 
<1 
1 
1-3 
1 
<1 
<1 
<1 
OA 
OA 
OA 
OA 
OA 
OA 
OA 
OA 
OA 
NA 
OA 
OA 
OA 
OA 
NA 
OA 
OA 
OA 
OA 
OA 
NA 
OA 
OA 
OA 
OA 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Moderate 
Poor 
Poor 
Well 
Poor 
Poor 
Well 
Moderate 
Well 
Poor 
Moderate 
Moderate 
Poor 
Poor 
Well 
Well 
Poor 
Poor 
Poor 
3.5 
3.0 
3.5 
3.0 
3.0 
3.0 
6.0 
3.7 
3.0 
6.2 
3.8 
3.7 
6.5 
6.0 
6.5 
3.5 
6.0 
6.0 
3.0 
3.5 
10.0 
7.0 
3.0 
3.0 
3.0 
Si= <25% area 
82=25-50% area 
83= <25% area 
Sa= Sandy Soil 
Ni= Normal Soil 
N2= Normal Soil 
B= Clayey Soil 
affected by salinity, FTS= 
affected by salinity, MTS= 
affected by salinity, CTS= 
MTCS=Moderately 
of NA NA= 
Of OA 0A= 
Fine-Textured Soil 
Medium-Textured Soil 
Coarse-Textured Soi1 
Coarse-Textured Soil 
Newer Alluvium 
Older Alluvium 
APPENDIX III 
Mechanical Properties and Textural Class of Surface Soils, 
Sultanpur area. 
'.Sample Soil Colour 
1 No. Type 
Sand Silt Clay Textural Class 
( % ) ( % ) ( % ) 
Course-Textured Soil 
SSIO Sa Light Grey 
SS15 Sa Light Brown 
78.8 14.3 
76.5 20.0 
6.9 Loamy sand 
4.5 Loamy sand 
Moderately Coarse-Textured Soil 
SS05 
SS07 
SS08 
SS20 
SSIO 
Nz 
Na 
N2 
N2 
N2 
42.2 
42.2 
31.5 
32.7 
34.0 
23.8 
23.8 
18.7 
21.9 
15.2 
Loam 
Loam 
Loam 
Loam 
Loam 
SS13 Ni Brown 75.2 15.5 9.3 Sandy loam 
SS21 Ni Reddish brown 65.4 19.0 15.6 Sandy loam 
Medium-Textured Soil 
Yellowish brown 34.0 
Light Brown 34.0 
Yellowish brown 49.5 
Light brown 45.5 
Light brown 50.8 
Fine-Textured Soil 
SS14 B Dark grey 
5517 B Dark grey 
5501 Sa. Light brown 
SS06 Si Light brown 
5511 Si Light brown 
5518 Si Yellowish brown 
5502 Sa Light brown 
5503 S2 Light brown 
SS09 Sa Light grey 
5519 Sa Light grey 
5504 S3 Bright grey 
5512 S3 Light grey 
SS16 S3 Light grey 
20.7 
18.5 
29.3 
19.2 
29.0 
36.5 
33.4 
31.2 
29.5 
19.1 
18.8 
18.7 
26.8 
38.1 
31.5 
51.0 
51.1 
50.6 
31.7 
31.6 
51.5 
51.2 
46.6 
44.4 
45.1 
34.9 
41.2 
51.0 
19.7 
30.7 
20.4 
31.8 
35.0 
17.3 
19.3 
34.3 
36.8 
36.2 
38.3 
Clay 
Clay 
Silt loam 
Silty-clay 
Silt loam 
Clay loam 
Clay loam 
Silt loam 
Silt loam 
Silty-clay 
Silty-clay 
Silty-clay 
Clay loam 
loam 
loam 
loam 
loam 
APPENDIX IV - PROFILING 
Profile No: SPi (Si-Type) 
Location : On the north side of Tilokpur village. 
Physiography: Nearly level plain with <1 % slope. 
Landuse: Dncultivated 
Parent material: Older alluvium 
Drainage: Poor 
Depth to ground water: About 3 m. 
Present of salt/alkali: Salt incrustation in small patches on 
surface. 
Characteristics of soil horizons in profile: 
+ + 
1 Depth in cm Characteristics I 
! (with horizon) .' 
+ + 
0.0 - 16.2 Light grey, clay loam,moist.,angular grains, 
(Ai Horizon) sticky on wetting, hard on heating, low 
permeability, iron and calcium nodules 
absent. 
16.2 - 32.0 Light grey, silty clay loam, moist.,angular 
(Aa Horizon) grains, sticky on wetting, hard on heating, 
low permeability, iron and calcium nodules 
absent. 
32.0 - 50.0 Light brown, clay loam, moist., angular 
(Bj. Horizon) grains, sticky on wetting, hard on heating, 
low permeability, granules of iron,manganese 
and calcium absent. 
50.0 - 72.5 Yellowish brown, silty clay, moist.,angular 
(Ba Horizon) grains, sticky on wetting, hard on drying, 
low permeability, fine granules of iron and 
manganese and calcium kankars present. 
72.5 - 170.0 light brown, clay, moist., angular grains, 
(C Horizon) sticky on wetting, hard on drying, low 
permeability, iron and manganese nodules 
upto 6 mm size and calcium kankars upto 
2.5 cm recorded. 
Profile No: SP^ (Sa-Type) 
Location : On the south-west side of Jangal Ramnagar village. 
Physiography: Nearly level plain with <1 % slope. 
Landuse: Uncultivated 
Parent material: Older alluvium 
Drainage: Poor 
Depth to ground water: About 3 m. 
Present of salt/alkali: Salt incrustation in patches on 
surface. 
Characteristics of soil horizons in profile: 
+ + 
I Depth in cm Characteristics 1 
I(with horizon) I 
+ + 
0.0 - 14.4 Yellowish grey, clay loam, moist., angular 
(Ai Horizon) grains, sticky on wetting, hard on heating, 
low permeability, iron and calcium nodules 
absent. 
14.4 - 30.5 Light grey, silty clay loam, moist.,angular 
(Aa Horizon) grains, sticky on wetting, hard on heating, 
low permeability, iron and calcium nodules 
absent. 
30.5 - 48.6 Light grey, silty clay, moist., angular 
(Bi Horizon) grains, sticky on wetting, hard on heating, 
low permeability, fine granules of iron and 
manganese and small calcium kankars present. 
48.6 - 68.4 light brown, clay, moist., angular grains, 
{Bz Horizon) sticky on wetting, hard on drying, 
low permeability, iron and manganese 
nodules and calcium kankars present. 
68.4 - 103.5 Yellowish brown, clay, moist., angular 
(C Horizon) grains, sticky on wetting, hard on drying, 
low permeability, iron and manganese nodules 
upto 6 mm size and calcium kankars upto 
4.2 cm recorded. Pans (layers) of calcium 
kankars occured below 103.5 cm depth. 
Profile No: SP3 (Sg-Type) 
Location : On the east side of Parsawan village. 
Physiography: Nearly level plain with <1% slope. 
Landuse: Waste-land 
Parent material: Older alluvium 
Drainage: Poor 
Depth to ground water: About 3 m . 
Present of salt/alkali: Salt incrustation in large patches on 
surface. 
Characteristics of soil horizons in profile: 
+ + 
!Depth in cm Characteristics I 
I(with horizon) l 
+ + 
0.0 - 15.0 Light brown, clay loam, moist.,angular 
(Ai Horizon) grains, sticky on wetting, hard on heating, 
low permeability, iron and calcium nodules 
absent. 
15.2 - 28.4 Yellowish brown, silty loam, moist.,angular 
(A2 Horizon) grains, sticky on wetting, hard on heating, 
low permeability, iron and calcium nodules 
28.4 - 52.2 Brown, silt loam, moist., angular grains, 
(Bx Horizon) sticky on wetting, hard on heating, low 
permeability, very fine granules of iron 
and manganese and small calcium kankars 
also absent. 
52.2 - 75.7 Light grey, clay, moist., angular grains, 
(B2 Horizon) sticky on wetting, hard on drying, low 
permeability, iron and manganese nodules 
and calcium kankars present. 
75.7 - 120.0 Grey, clay, moist., angular grains, 
<C Horizon) sticky on wetting, hard on drying, low 
permeability, iron and manganese nodules 
upto 7 mm size and calcium kankars upto 
3.0 cm recorded. 
APPENDIX V 
Suggested chemicals and their ratios for reclaiming 
saline-alkali soils (tonnes/hectare) 
pH 
8.6 
8.7 
8.8 
8.9 
9.0 
9.1 
9.2 
9.3 
9.4 
9.5 
9.6 
9.7 
9.8 
9.9 
10.0 
10.1 
10.2 
Coarse--textured 
soil 
Pyrite 
(22%S) 
-
-
-
0.42 
1.20 
1.70 
2.55 
3.20 
3.60 
4.25 
4.90 
5.53 
6.16 
6.80 
7.23 
7.65 
8.07 
Gysura 
-
-
-
0.49 
1.41 
2.00 
3.00 
3.77 
4.24 
5.00 
5.75 
6.50 
7.25 
8.00 
8.50 
9.00 
9.50 
Medium--textured 
soil 
Pyrite 
(22%S) 
-
-
0.42 
1.53 
2.55 
3.40 
4.42 
5.10 
5.98 
6.80 
7.65 
8.50 
9.35 
10.20 
11.05 
11.50 
12.00 
Gypsum 
-
-
0.49 
1.80 
3.00 
4.00 
5.20 
6.00 
7.04 
8.00 
9.00 
10.00 
11.00 
12.00 
13.00 
13.53 
14.12 
Fine-tex :tured 
soil 
Pyrite 
(22%S) 
0.42 
0.85 
2.13 
3.40 
4.68 
5.53 
6.63 
7.65 
8.60 
9.35 
10.25 
11.56 
11.78 
12.00 
12.75 
13.25 
14.00 
Gypsum 
0.49 
1.00 
2.57 
4.00 
5.50 
6.50 
7.80 
9.00 
10.12 
11.00 
12.06 
13.60 
13.86 
14.12 
15.00 
15.60 
16.47 
Note: The above pyrite values need to be multiplied by 1.47 
and 0.734 for pyrite having 15% S and 30% S, respectively. 
Adopted from: ICAR Bulletin No. 2 (1973). 
